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FOREWORD 


Does life exist throughout the Universe and, in particu- 
lar, on the planets of our solar system? In this book the 
authors méke an attempt to answer this question on the 
basis of the latest information in natural science. The 
contents of the book were thoroughly discussed by both 
authors. The introduction and the concluding chapter were 
written by the two authors jointly. The first chapter be- 
longs to the pen of A. Oparin, the rest—to V. Fesenkov. 
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INTRODUCTION 


The idea that life exists everywhere in the world around 
us belongs to the general a priori ideas that have reigned 
over the minds of men since hoary antiquity. The problem 
of the existence of life throughout the Universe. aroused 
sharp and heated ideological discussions between the dif- 
ferent schools of philosophy in various epochs and at 
various stages of culture. These discussions, however, 
confined themselves mainly to explanations of the causes 
and philosophical interpretations of thi$ phenomenon, 
while the idea itself was accepted by the overwhelming 
majority of people as incontestable truth. 

Elements of the conception of the universal existence of 
life are found in the very sources of European philosophy— 
the Miletians in the 6th century B. C. These ancient Greek 
materialist philosophers regarded life as an inalienable 
and primary property of all matter in general. They, 
therefore, believed that the world had always been alive 
(this line in philosophy is known as hylozoism). 

The so-called panspermic doctrine, formulated by 
Anaxagoras, was of a somewhat different nature. It main- 
tained that invisible “ethereal germs of life,” which give 
rise to all living creatures including man, were dispersed 
throughout the world. 

The panspermic doctrine was further developed by the 
Roman philosophers and the Neo-Platonists—a philosophi- 
cal school of the early centuries A.D. The doctrine was 
becoming increasingly idealist; it was later adopted by 
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early Christianity and formed part of the teachings of the 
“fathers of the church.” For example, so authoritative a 
theologian as Saint Augustine taught that the world was 
filled with hidden germs of life, the invisible, mysterious 


seeds (occulta semina) of a spiritual principle, which i 


generated the various living creatures from earth, air and 
water. 

For the Middle Ages, for the early and late scholastics, 
the Earth was the centre of the Universe, and the existence 
of life was, therefore, conceived only within this narrow 
framework circumscribed by the Ptolemaic spheres. The 
situation changed sharply after Copernicus announced 
his brilliant heliocentric system. In this system the Earth 
was relegated to a modest position along with the other 
planets revolving around the Sun. This alone, naturally, 
gave rise to the idea that life existed on other planets 
similar to the Earth. 


The daring idea that there were many worlds inhabited | 


by living creatures was first expressed by Giordano Bruno, 
the great 16th-century thinker who drew broad inferences 
from the teaching of Copernicus at the time the all- 
powerful Catholic Church still rejected it. In his work 
De Vinfinito, universe et mondi Bruno wrote: “There are 
innumerable suns and innumerable earths, which revolve 
around their suns, as our seven planets revolve around 
our Sun.... These worlds are inhabited by living crea- 
tures.” 

It is but natural that at a time when the church believed 
the Earth to be the centre of the Universe and the stars 
and planets mere luminaries, intended to serve man created 
in the image of God, the ideas of Giordano Bruno should 
be regarded as a heresy. 

For his propaganda of the new world outlook he was 
violently persecuted by the Inquisition. After long incar- 
ceration he died in an auto-da-fé in 1600. 

The struggle begun by Bruno continued during the first 
decades of the 17th century. Galileo, who had done more 
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than anyone else to spread the right ideas on the structure 
of the planetary system and the surrounding world, was 
condemned by the Inquisition and confined to Arcetri for 
the rest of his life. René Descartes, who was also distin- 


\ guished for his independent thinking, preferred to emigrate 


to Holland where the power of the churchmen was not 
so palpable; but he was persecuted there, too, only be- 
cause he was suspected of adhering to the heliocentric 
doctrine. 

It should be noted, however, that the idea itself that 
life existed everywhere, irrespective of the heliocentric 
system, caused no objections on the part of the churchmen. 
St. Augustine’s teachings that germs of life are scattered 
everywhere were never doubted or criticized by the Chris- 
tian Church during the Middle Ages. In the middle of the 
17th century Athanasius Kircher, who enjoyed a good 
deal of authority in Catholic circles, reaffirmed this doc- 
trine in the panspermic theory he had developed; accord- 
ing to this theory the germs of life are present everywhere, 
in chaos as well as in every element of the Universe. 

The struggle was centred around the heliocentric doc- 
trine. But the accumulation of new facts and observations, 
the very harmony of Copernicus’ system as compared 
with Ptolemy’s intricate and artificial structure, and, es- 
pecially, the development of physics and mechanics which 
eliminated all possibilities of objecting to the new world 
outlook, had won for this doctrine such general recogni- 
tion by the end of the 17th century that the Catholic 
Church no longer dared openly persecute its adherents and 
had to reconsider its positions. 

All this enabled Bernard de Fontenelle, Secretary of the 
French Academy of Sciences, to publish in 1686 a book 
Entretiens sur la pluralité des mondes no longer fearing 
persecution by the church. The book written in the form of 
a fascinating dialogue played a big part not only in popu- 
larizing the heliocentric system, but also in propagating the 
idea that life existed throughout the Universe. Soon after 
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its appearance Foritenelle’s book was translated into 


many European languages, including the Russian in 1749. 


and 1761, the last time owing to the efforts of Lomonosoy, 
In setting forth Copernicus’ theory of planetary motion 


Fontenelle immediately inferred that the planets were, 


inhabited by thinking creatures though he had no reason 
to do so save by an analogy with the Earth. According 
to his description the inhabitants of the different planets 
have attributes characteristic of the heavenly bodies which 
they inhabit. Thus, the denizens of Mercury “must be 
fools because of their excessive vivacity,” while on Saturn 
the “inhabitants are so dull that it takes them a whole 
day to comprehend and answer a question.” 

Fontenelle wanted no conflicts with the Church. On the 
contrary, taking for granted that the Earth had lost its 
central position in the Universe, he believed that the most 
widespread existence of life in the Universe was the only 


idea compatible with the “omnipotence of the Creator.” | 


The Catholic Church, which was finally compelled to 
suspend its interdiction on Copernicus’ brilliant book, also 
accepted this interpretation. 

The Catholic theologians of all ages have declared the 
‘possibility of the existence of inhabited worlds, besides 
the Earth, to be quite in keeping with the doctrines of the 
Church. Thus, the theologian G. Van-Nort in his treatise 
on God the Creator, published in 1920, writes: “Those who 
believe in the existence of thinking creatures on other 
celestial bodies, besides the Earth, in no way contradict 
the true faith.” F. I. Connelly and other theologians have 
made similar statements. 

The great importance, of which the victory of the helio- 
centric doctrine was to the further development of the 

idea of many inhabited worlds, can be shown on numerous 
examples. It is obvious, in particular, from the propaganda 
of the heliocentric world outlook in Russia. One of the 
first books setting forth Copernicus’ system in Russia was 
-the Cosmotheoros by C. Huygens, anonymously translated 
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by Y. Bryus by direct order of Peter I under the title of 
Book of World Outlooks or Opinions of the Heavenly 
and Earthly Globes (Petersburg, 1717). The book contains 


various proofs of the veracity of Copernicus’ doctrine, but 


| at the same time, after a rather strict scientific exposition, 


it makes a purely fantastic description of the inhabitants 


of the different planets. 
The articles in the Monthly Writings, which the Academy 


of Sciences published since 1755 on Lomonosov’s initiative 
to popularize science, pursued the same idea. In setting 
forth the heliocentric system Academician Franz Epinus in 
his book Discourses on the Structure of the World (Peters- 
burg, 1770) also defended the idea that the planets were 
inhabited, but did it more scientifically. 

Of particular importance to the development of the 
problem under discussion were the statements made by 


Mikhail Lomonosov, a consistent and ardent adherent of 
the heliocentric system and the idea that the worlds were 


inhabited. In his famous Meditation on the Aurora Borealis 


he wrote: 


The men of wisdom do proclaim: 
Myriads of worlds fly there through space; 
And countless suns pour forth their flame, 
And time and nations run their race. 

All nature’s powers in harmony 

There glorify the Deity. 


In the last two verses Lomonosov outlined with brilliant 
perspicacity the two principal trends of the subsequent de- 
velopment of the idea that life exists throughout the 
Universe. Although Lomonosov pays tribute to his time 
and speaks of the “glory of the deity,” for him as a 
scientist and materialist the centre of gravity of the 
problem lay in the unity of the laws governing the material 
world. The multiplicity of inhabited worlds reflected for 
Lomonosov. only the “forces of nature,” the eternal laws 
of nature, which reign equally throughout the Universe. 
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The subsequent scientific materialist investigations of the 
problem under discussion were pursued in this direction, 
On the contrary, for idealism, which asserts the primacy 
of mind over matter, and, particularly, for religion, the 

entire meaning of the existence of other inhabited worlds . 

has come down only to the “greater glory of the deity,” J 

to the “ad majorem dei gloriam,” for which the fires of 

Inquisition burned in their time, including the fire, which 

consumed Giordano Bruno. 

According to these views the Universe was created by 
a deity with a definite purpose, which is in the existence 
of life even of the thinking creatures, who should cognize 
and glorify their creator; therefore, all celestial bodies 
must be inhabited by living beings, and if a planet is 
uninhabited it does not serve its cosmic purpose. 

This idealist trend found its vivid expression in the 19th 
century in the works of C. Flammarion, the founder of 
the French Astronomical Society, convinced idealist and 
spiritist. 

In his book La pluralité des mondes habités, published 
in 1860 and widespread in France and other countries, 
as well as in his other works, Flammarion develops the 
idea that life is the aim of planet formation. Thus, he 
writes as regards Jupiter: “Life is the aim of its formation 
just as it was the aim of the formation of the Earth.” 

Some modern astronomers (for example, R. Smart [Brit- 
ain], K. Heyer [U.S.A.] and P. Chévenard [France]) simi- 
larly interpret the problem of extensive life in the Uni- 
verse from idealist positions, as a result of a “cosmic aim” 
achieved by a “divine creator.” 

But the problem of the existence of life throughout the 
Universe has attracted the attention of many naturalists 
of the last and the current centuries, who could not and 
would not regard it as “divine aims,” but have ¿striven 
for its scientific solution. However, in the 19th century, ` 
and even in the beginning of our own, science had very “ 
little factual information concerning the physical nature 
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of planets and the conditions required for the origination 
and existence of life. This gave rise to all sorts of specu- 
lative and very far-reaching inferences frequently based 
on very doubtful, uncritically accepted and casual obser- 
vations. 

As examples of this we can cite the discovery of “artifi- 
cial canals” on Mars or the later assertions made by 
W. Pickering, well-known selenologist, that the Moon was 
inhabited by insects which by their mass migrations con- 
ditioned certain changes in the shape and intensity of the 
spots he had observed on the lunar disk. 

But the scientific literature of the time contains an even 
greater number of speculative judgements made on the 
problem under discussion not only by astronomers, but 
also by physicists, chemists, geologists and biologists. In 
most of the cases these judgements reflected the meta- 
physical approach to living nature, which was widespread 
among the naturalists of the 19th century. The three main 


) trends in the solution of this problem may,be outlined in 


the following somewhat schematic way. 

The first continues, as it were, the line of the ancient 
Greek hylozoists: life must exist everywhere in the world © 
around us because it is the primary attribute of matter 
in general. It does not necessarily have to be represented 
by creatures similar to our earthly organisms. No condi- 
tions, therefore, even those on the surface of stars, should 
exclude the possibility of life. 

Preyer’s theory, for example, which was quite popular 
at the end of the last century, is a vivid expression of this 
point of view. According to Preyer, it is not the living sub- 
stance that originates from the lifeless, but, on the contr- 
ary, the latter is discharged by living organisms in the form 
of a dead mass. In the beginning, therefore, the entire fiery- 
liquid mass of the Earth was alive, but as it cooled the 
greater part of the bodies, which composed it, “died and 
became extinct” forming the dead, inorganic substance, 
while life persisted only in the form of modern protoplasm. 


13 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


peace by Arya Samaj Foundation Chennai and eGangotri 


Running close to this “theory” are the numerous utter. 
ances (especially in popular-science literature) about some 
fantastic “quartz” creatures, whose body cells contain sili. 
con instead of carbon and because of this they can live 


at such high temperatures as not a single form of life op, 


the Earth can withstand. 


There are, certainly, no scientific grounds for this rea. 


soning and it does not bring us one iota closer to the solu. 
tion of the problem. 

The second trend, which was quite widespread in the 
scientific literature of the 19th and 20th centuries, revives 
the panspermic theory. It springs from an essentially 
idealist conception of the eternity of life, which rejects 
any possibility of origin of organisms and asserts that 
living creatures and their germs can only be carried over 
from one celestial body to another. Many outstanding 
naturalists of the 19th and 20th centuries, including 


J. Liebig, H. Helmholtz and S. Arrhenius, concurred with | 


this trend. 

According to M. Wagner the “atmospheres of the celes- 
tial bodies and the revolving cosmic nebulae may be re- 
garded as eternal repositories of animated form, as eternal 
plantations of organic embryos,” whence life is dispersed 
throughout the Universe in the form of these germs, 
Similar ideas were later expressed by Lord Kelvin in 
England, Van-Tieghen in France, Helmholtz in Germany, 
and many others. 

As early as the beginning of our century the famous 
Swedish physico-chemist A. Arrhenius came forward with 
the radio-panspermic theory, which had won wide popula- 
rity at the time. In his works dealing with this problem 
Arrhenius described how particles of substance, tiniest 
granules and living spores of microorganisms connected 

with them, break away from the surface of planets inha- 


bited by living beings and are carried into cosmic space. . 


They are carried about in cosmic space retaining full viabi- 
lity and flying with terrific speed from one celestial body to 
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another owing to the pressure which the light of the Sun 
and other stars exert on them. Finding themselves on pla- 
nets where the conditions are already fit for life the spores 
sprout and the organisms, originating from them, become 
the progenitors of the entire living population of the given 


celestial body. 


Arrhenius’ theory had many ardent adherents in the 
world of science. It was defended in the Soviet Union, 
in particular, by Academician S. Kostichev, Academician 
P. Lazarev, and quite recently by L. Berg. The latter voiced 
the idea that from the very beginning the Earth “might 
have inherited germs of life or a ready-formed complex 
of primary organisms” from the dust or meteorite matter 
from which it was formed. 

Though Arrhenius gave a rather detailed physical ex- 
planation of the mechanism of spore transportation his 
theory, however, found itself at variance with the latest 
biological da 

We must make mention of the fact that at the end 
of the last and in the beginning of the present century 
some naturalists began rejecting the “equal forces of 
nature” of which Lomonosov had written in his time. They 
began to regard life and its origin not as a phenomenon 
governed by laws, but as a fortunate occurrence which 
may never be repeated anywhere. 

Among the astronomers this point of view was supported 
by Jeans, who regarded even the formation of our planet 
as a result of an accidental and rather unusual meeting of 
two stars in space. In France A. Dauvillier in his volu- 
minous book -Origin, Nature and Evolution of Planets 
(1947) regards the origin of life on the Earth as a result of 
a “purely accidental concatenation” of organic substances, 
the recurrence of which is extremely improbable. 
In biology a similar point of view is developed by many 
followers of T. Morgan. Thus, G. Meller wrote very re- 
cently that life originated in the form of a primary gene 
substance (immediately endowed with all the attributes 


ou 
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of life) simply as a result of a “fortunate chemical com. 
bination.” 

It is clear that such assertions which substitute fortuity 
for natural processes lead us away from a scientific solu. 
tion of the problem. 


The general principles developed by dialectical material. } 


ism offer the naturalists entirely different and very exten. 
sive prospects for the scientific elaboration of the problem 
on hand. 

From the point of view of dialectical materialism life is 
material in its nature, but is not an inalienable property 
of all matter in general. On the contrary, it is inherent 
only in living beings and is not found in objects of the 
inorganic world. Life is a special, very complex and per- 
fect form of motion of matter. It is not separated from 
the rest of the world by an unbridgeable gap, but arises 
in the process of the development of matter, at a definite 
stage of this development as a new, formerly absent 
quality. 

Already at the end of the last century F. Engels charac- 
terized this quality by giving a brilliant definition of life, 


which far from losing its significance has been even more 


fully confirmed and grounded by the data of modern 


biology. Engels wrote: “Life is the mode of existence of | 


protein bodies, the essential element of which consists in 
continual metabolic interchange with the natural environ- 


ment outside them, and which ceases with cessation of | 


this metabolism bringing about the decomposition of the 
protein.” 

Engels, thus, defined the protein bodies as the material 
carrier of life and the metabolic exchange of substances 
as the quality which makes us regard life as a special form 
of motion of matter. 


Matter may develop in different, very diverse ways and 


in the world that surrounds us there are, undoubtedly, | 


1 F. Engels, Dialectics of Nature, Moscow 1954, p. 396. 
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numerous and, at times, very complex and perfect forms 
of motion of matter, many of which we may not as yet 
even suspect. But we would be totally unwarranted to 
call any of these forms life if they differ radically from 
the life represented on our planet by the sum total of the 
various organisms; we must, therefore, exclude from the 
scientific practice any and all dreams of quartz organisms 
and similar “fiery” beings. 

Engels also levelled his crushing criticism on all the 
theories, which spring from the principle of the eternity 
of life, and showed the incompatibility of this principle 
with consistent materialism. Commenting on Liebig’s 
thesis, according to which “life is just as old and just as 
eternal as matter itself,” Engels wrote: 

“Liebig’s assertion that carbon compounds are just as 
eternal as carbon itself is doubtful, if not false. 

«The compounds of carbon are eternal in the sense, 
that under the same conditions of mixture, temperature, 
pressure, electric potential, etc., they are always repro- 
duced. But that, for instance, only the simplest carbon 
compounds, CO, or CH,, should be eternal in the sense 
that they exist at all times and more or less in all places, 
and not rather that they are continually produced anew 
and pass out of existence again—in fact, out of the ele- 
ments and into the elements—has hitherto not been assert- 
ed. If living protein is eternal in the same sense as other 
carbon compounds, then it must not only continually be 
dissolved into its elements, as is well known to happen, 
but it must also continually be produced anew from the 
elements and without the collaboration of previously 
existing protein—and that is the exact opposite of the 
result at which Liebig arrives.”! 

Life is not transported like “Vesta’s inextinguishable 
torch,” from one celestial body to another in the form of 
ready-made germs, but originates anew each time the 


1 F. Engels, Dialectics of Nature, Moscow 1954, p. 394. 
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requisite conditions are on hand in the process of the 
development of matter. Consequently, the origin of life iş 
not a “fortunate,” extremely improbable event, but quite 
a regular phenomenon subject to a deep scientific analysis 
and all-round study. 

It is obvious that there must be numerous inhabited) 
planets in the Universe and, in particular, in our Galaxy, 
This quite indisputable assertion, however, is based on 
considerations of a general nature and must be confirmed 
in each concrete case by an examination of the actual 
conditions which prevail on the cosmic bodies accessible 
to investigation by the methods of modern science. 

The task of modern natural science as regards the prob- 
lem of the existence of life throughout the Universe con- 
sists, primarily, in forming a true idea of the possibility of 
the origin and subsequent development of life on any par-! 
ticular celestial body by analyzing the very incomplete 
factual material at the disposal of astronomy, biology and, 
other sciences. But as much as we should like to populate/ 
any particular planet with living creatures, especially the 
planets where the conditions are apparently forming 
favourably, we must make our final conclusions only on 
the basis of a critical appraisal of the facts we obtain from 
our actual observations. 

This book presents an attempt at such an analysis. 
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Chapter I 


LIFE AND ITS ORIGIN 


Only a direct study of the living organisms inhabiting 
a particular celestial body, or at least their fossil remains, 
may be considered irreproachable and strictly scientific 
proof of the existence of life on that planet. In the latter 
case we can at least judge about the past of a planet as 
the paleontologists do with respect to plats and animals 
which formerly existed on the Earth. 

Our ability to launch artificial satellites and space rockets 
make such direct study of the possible life on other planets 
very feasible. It may be carried out not only on the basis 
of interplanetary travel but also by automatically taking 
samples from the surface of one planet or another. 

However, the only unearthly objects which now lend 
themselves to such direct scientific investigation, as re- 
gards the existence of life on them, are meteorites. 

We cannot deny beforehand the possibility of existence 
of living organisms or their remains on them. Formerly, 
in connection with the panspermic theory, it was even 
believed that precisely the meteorites were the inter- 
planetary ships on which the germs of life reached the 
surface of our planet from other worlds. 

The discovery of carbonaceous substances akin to 
hydrocarbons in many stone meteorites provided the main 
reason for these assumptions. As early as 1857, for exam- 


2* 19 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


Ta A E af sais . A 
ple, Wöhler managed to extract a certain amount of an 
organic substance, resembling ozocerite, from a Stone 
meteorite which had fallen near Kaba, Hungary. When 
analyzed, the substance was found to be a high molecular 
hydrocarbon. A similar substance was extracted from ą 


meteorite which had fallen in Cold Bakkeveld, South Afri.) t 


ca. This meteorite contained up to 0.25 per cent hydro. 
carbon. Melikov and Krzhizhanovsky later found a small 
amount of hydrocarbons in a silicate meteorite which haq 
fallen in the village of Migei, Yelizavetgrad Uyezd, Kher. 
son Gubernia, in 1889. The chemical analysis of the Orgueil 
Meteorite made by Kloez showed the presence of an 
amorphous substance quite similar to the humus sub. 
stances of some of the mineral fuels. 

At the time the presence of hydrocarbons in meteorites 
was first established the firm opinion still prevailed that 


organic substances (and, hence, hydrocarbons) could he) 


formed under natural conditions only by living organisms, 


Many scientisis, therefore, assumed that the hydrocarbons; 


in meteorites were a secondary formation resulting from 
a decomposition of organisms which had once inhabited 
them. 

On the strength of this it was quite natural to infer that 
live bacteria or their spores may be present in the mete- 
orites. 

After extensive investigations by D. Mendeleyev and 
other chemists it is now well known that hydrocarbons 
and their derivatives may easily originate under natural 
conditions in an inorganic manner, particularly, from 
cohenite, a mineral composed of the carbide of iron, nickel 
and cobalt, and contained in meteorites. 


J. Smith has shown that the organic substances in the 


Orgueil and similar meteorites could have formed as a 
result of a reaction between carbonaceous iron and iron 


disulphide. From the Nogoya and Alais meteorites Smith. 
extracted even sulphur-containing hydrocarbons of the’ 


C,H,9S; type. He points out that there is no reason to 
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organisms. 
In his time M. Berthelot and, independently of him, 
Schutzenberger came to a similar conclusion, by showing 


, that the hydrocarbons found in meteorites are similar to 


those formed in the smelting of iron under temperatures 
absolutely precluding any possibility of life. Thus, the 
presence of carbonaceous substances can now no longer 
serve as proof of the existence of traces of life on these 
celestial bodies. 

The numerous attempts directly to discover germs of 
microbes in meteorites also failed to yield entirely reliable 
results. According to C. Meunier’s report, already Pasteur 
(whom Meunier supplied with samples of carbonaceous 
meteorites) tried to extract viable bacteria from them. 
For this purpose he designed a special probe which enabled 
him to take samples from the inner parts of meteorites. 


, But Pasteur obtained negative results in all cases and, 


therefore, did not publish them. In their ‘subsequent at- 
tempts scientists similarly failed to discover living beings 
in meteorites. 

The only exception is C. Lipman’s report published in 
1932. The author described the investigations he had con- 
ducted on numerous stone meteorites. He had sterilized the 
surface of the meteorites and had taken every precaution 
to preclude the possible penetration of earthly basteria; 
but in many cases he happened, nonetheless, to obtain 
colonies of bacteria in the form of bacilli or cocci by 
planting pulverized particles of meteorites in a nutritive 
medium. 

This report attracted the attention of broad scientific 
circles and was even cited in some textbooks, but regret- 
tably has not yet been confirmed by anyone else. The fact 
that Lipman obtained microbes identical with the ordinary 
earthly bacteria is deserving of attention. Since bacteria 
are so variable and so readily adapt themselves to their 
external ‘environment it is difficult to suppose that the 
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same forms of microorganisms exist on the other Celestia) 
bodies as do on our planet. It seems much more Probable 
that despite all his precautions Lipman ‘was unable to 
prevent the penetration of earthly bacteria into the mẹ. 
teorites he investigated when he pulverized them. Ip a 


letter to one of the authors of this book Lipman does not’ 


insist that his data are absolutely reliable. 

As a matter of fact, it would be hard to assert the exist. 
ence of organisms in meteorites at the present state of 
science, If life had ever or in any manner developed on 
these meteorites, it would have undoubtedly left some 
trace in the form of biogenic rocks. But even the most 
painstaking search failed to discover any traces of these 
rocks in meteorites. According to A. Fersman, F. Levin. 
son-Lessing and other scientists, the meteorites contain 
nothing resembling sedimentary rocks or in any way 
connected with manifestations of biological processes, 

The abiogenic mode of formation of carbonaceous com- 


pounds, found in meteorites is now confirmed by the data’ 


of isotopic analyses of meteorite carbon. We must, there- 
fore, reject the possibility of life on meteorites. 
The establishment of the presence or absence of bio- 
genic substances on other celestial bodies, particularly, 
the planets of our solar system, might serve as a rather 
reliable argument for or against the existence of living 
beings on these planets now or, at least, in the past. True, 
here our possibilities are much more limited than in the 
case of meteorites which are accessible not only to chemi- 
cal analysis but to mineralogical examination as well. We 
get the data on the chemical composition of the surface and 
atmosphere of the planets only through a spectral analysis, 
but under favourable conditions even this might tell us a 
good deal. 
Of special interest from the above point of view is the 
molecular oxygen which forms a considerable part of the 
terrestrial atmosphere. According to V. Vernadsky all this 
oxygen formed biogenically in the process of photosyn- 


22 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


thesis effected by green plants. V. Goldschmidt points out 
the fact that despite the presence of considerable quanti- 
ties of free oxygen in our atmosphere only the most super- 
ficial layer of the Earth’s crust is oxidized while the deeper 


, layers belong to the clearly expressed reducers which 
” avidly combine with oxygen. Goldschmidt illustrates this 


point by the well-known fact that erupted lavas have black, 
green and grey coloration, i.e., contain ferrous oxides. On 
the contrary sedimentary deposits—clay, sand, etc.—have 
red and yellow colours because of the ferric oxides they 
contain, Thus, before our very eyes the oxygen is gradually 
consumed ‘by the change of the igneous rock into sedi- 
mentary and it is only the process of photosynthesis that 
causes the constant presence of oxygen in the Earth’s 
atmosphere. Goldschmidt figured out that the atmospheric 
oxygen would disappear in a very short time (geologically 
speaking) if the entire flora of the Earth had suddenly 
perished, because it would be fully absorbed by the rocks 


* not yet saturated with it. s 


A direct discovery of molecular oxygen in the atmos- 
phere of a given planet might, therefore, serve as a basis 
for the assumption that organisms capable of photo- 
synthesis, similar to the plants on our Earth, are present 
on this planet. 

Regrettably, the observation data on Venus and Mars, 
the two most interesting planets in this respect, do not 
point to any noticeable amounts of molecular oxygen. On 
the other hand, the absence of molecular oxygen can in no 
way serve as proof of the absence of life, because we know 
numerous anaerobic organisms which do not need this gas 
for their life’s processes. Thus, the discovery of oxygen in 
the atmosphere of the planets mentioned does not give us 
any facts proving the existence or absence of life there. 

Molecular nitrogen, another gas of the terrestrial atmos- 
phere, which, as V. Vernadsky pointed out, also originated 
as a result of the activity of organisms—denitrifiers, 
may, undoubtedly, also have been of an abiogenic origin. 
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It originates in the inorganic oxidation of ammonia taking 
place under constant dehydrogenation which must hay 
occurred at a certain period of the existence of the Eart} 
and terrestrial planets. The discovery of nitrogen in th 
atmosphere of planets is, therefore, less significant th 
the discovery of oxygen. M 

This pertains in even greater degree to carbon dioxid 
which in the process of formation and development of 
planets could have easily originated in their atmospheres 
abiogenically as is partly the case in the Earth’s atmos. 
phere today. fig. 

Organic compounds are substances characteristic of life, 
They are necessary constituents of any living organism 
known to us. Their presence on or absence from any 
unearthly objects, the other planets of our solar system 
in particular, is therefore of great interest from the point 
of view under consideration. 

Simplest organic substances—hydrocarbons and their 
closest derivatives—have been positively discovered on} 
many celestial bodies and particularly on the planets of 
our system. However, this cannot as yet serve as incon- 
testable proof that life exists on these bodies, since hydro. 
gen and other compounds of carbon are formed not only 
by organisms, but also purely chemically, abiogenically, 
as was pointed out above with reference to meteorites, 

Tremendous amounts of methane—one of the simplest 
hydrocarbons—was found to exist in the atmospheres of 
the major planets—Jupiter, Saturn, Uranus and Neptune— 
as early as the 1930’s. In the 1940’s this gas was discovered 
in the atmosphere of Titan, Saturn’s relatively small satel- 
lite which is only one-third the size of the Earth. However, 
in all these cases we have reasons to assume that the 
methane came into being abiogenically, entirely independ- 

ent of life. 

This hydrocarbon can be found in the interstellar gas, 
and dust accumulations with which modern cosmogony | 
usually connects the genesis of stars and planets. i 
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During the formation of our planetary system this 
primary methane could not persist in the area of the gas 
and dust cloud in which the Earth was being formed. It 
had to evaporate to areas further removed from the Sun 
and then accumulate (“freeze”) on the surface of the major 
planets and their satellites. 

Early in November 1958, while studying the volcanic 
gases being intensively liberated at that time from the 
Alphonsus lunar crater, the Crimean Observatory found 
Swan lines in the spectrum of these gases, these lines 
being characteristic of the carbon molecule (C). In con- 
nection with this it may be assumed that organic com- 
pounds exist in the gases formed during volcanic eruptions 
on the Moon. Should this be true, then the foregoing 
phenomenon may be compared with the purely abiogenic 
formation of hydrocarbons in the deepest rocks of the 
Earth’s crust recently established by deep drilling in a 
number of points on our planet. ` 

Of particular interest from the point óf view under 
consideration are the absorption bands in the distant in- 
frared part of the spectrum discovered by Sinton while 
studying the Martian “seas” during the last great oppo- 
sitions of Mars. Such absorption bands are characteristic 
of organic molecules. Of course, here, too, the origin of 
these molecules is as yet unknown, because the aforesaid 
spectrum may also be one of relatively simple hydro- 
carbons. 

It would, therefore, be quite tempting to discover on 
this planet, for example, porphyrines or nucleotides, i.e., 
organic compounds so typical of organisms as to serve as 
a serious argument in favour of the existence of life on 
Mars; however, modern methods of research are not 
efficient enough as yet. 

In particular, the attempts:to discover chlorophyll on the 
surface of Mars have failed, but that does not warrant the 
final conclusion that there is no life on Mars, since accord- 
ing to G. Tikhov’s investigations many representatives of 
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the Earth’s flora definitely containing chlorophyll do not 
show corresponding absorption when subjected to a spec, 


trophotometric analysis. ` : 
Nor do the other data obtained in spectral analyses gf 


planets, in photographing the planets with the use of diffe, 


ent light filtres, in studying the degree of polarization, re. 


flecting power, heat regime, etc., give us indubitable proof 


of the existence or absence of life on the Venus or Mars, gg 
close and in many respects so similar to the Earth, because 
they usually characterize the summary physical proper. 
ties over extensive regions of a planet’s surface. 

Hence, we do not as yet have sufficiently reliable 
methods to enable us directly to discover any signs of life 
even on the nearest celestial bodies—the planets of the 
solar system. It goes without saying that this conclusion 
pertains in an even greater measure to the planets revolv- 
ing about the other stars of our Galaxy, where, theoretical- 


ly speaking, life should have originated at some time or | 


other. * 


For our judgements we are, therefore, forced to use 


the indirect method which consists in the study of the 
chemical and physical conditions obtaining on the surface 
of the planets and in comparing them with the conditions 
necessary for life. Of course, by this indirect method we 
can only establish a degree of probability of the existence 
of life on any given celestial body. 

The final decision must, undoubtedly, be made only on 


the basis of direct observation. But the method mentioned | 


can give us at least an idea where we are justified in 
looking for life and where these endeavours are absolutely 
hopeless. 

Most of the modern investigators interested in the 
problem of life in the Universe most frequently use this 
method. But we encounter much greater difficulties than 
is usually supposed even in this method. A simple statistical 


study of conditions and their mechanical collation may in ; 


a number of cases lead to wrong inferences. In the first 
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| place, we must not forget that the physical and chemical 
conditions on the surface of the planets have changed in 
the process of their origin and development. Secondly (and 
this is particularly important), life in its origin and subse- 
quent development went through a number of stages at 
which entirely different physical and chemical conditions 


may have been required. The very origin of certain forms 


of life is the result of definite external influences, the ex- 
pression of the remarkable unity of the organism and its 
environment so vigorously stressed by the Michurin 
teaching. 

But it is not only the environment that acts on the organ- 
ism; the organism also in some measure changes its envi- 
ronment. Sometimes this change occurs on a large, cosmic 
scale—the entire biosphere of the given planet changes, 
and this can be determined in some way or other by astro- 
nomical observations; in other cases the changes are of a 


, local nature and external observation may create the im- 


pression that the organisms exist under intolerable con- 
ditions. 

Such phenomena may be observed even as regards 
organisms on a very low rung of the evolutionary ladder, 
for example, microbes. One of the authors of this book 
happened to observe the following in his experiments. On 
sugar-beet roots kept in a refrigerator for many days at a 
constant temperature of —5°, —7°C the experimenter 
sometimes observed the development of moulds which 
seemed to ulcerate the surface of the roots. The tempera- 
ture taken with a microthermocouple directly in the lesions 
turned out to be around +15°C despite the general low 
temperature of the refrigerator and the roots. The micro- 
organisms themselves created the temperature they needed 
by locally heating the hole they occupied in the root with 
the heat isolated during the oxidation of sugar in the proc- 

- ess of breathing. 

It is well known from microbiological literature that 

microbes may be cooled to the temperature of liquid air 
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and even lower. In this case the rate of their biochemicg, 
reactions approaches zero and they enter a state of an, 
abiosis. But after a careful warming-up they regain their 
vital activity. Similar phenomena are observed in Spores 
surviving high temperatures (100°C and over) and in the, 
complete exsiccation of a number of organisms, play! 
seeds, etc. ahali 
In all these cases we are dealing with an adaptation, 
which enables the organism to survive under unfavourable 
external conditions and come back to life when the cop. 
ditions change. This makes it possible to preserve life 
under very considerable fluctuations of temperature, hy. 
midity, etc. But the case described above differs essentially 
from this sort of survival in that in this case we do not 
have a cessation of vital activity, but, on the contrary, as 
a result of this vital activity the organism creates the con. 
ditions it requires in a very limited area of habitation. 
Analogous phenomena are created in the so-called spon. 
taneous heating of hay, peat, manure, compost, etc. It has’ 
been established that the thermophilic (heat-loving) micro- 
organisms, which develop in these materials, themselves 
actively participate in the creation of the temperature con- 
ditions in the spotaneously heating masses. In these cases 
the temperature may reach 50-70°C and more. This results 
in a situation which favours the development of the ther- 
mophilic organisms and causes their competitors with a 
lower temperature optimum to perish. It can be observed in. 
the spontaneous heating of stored grain that the microbes 
not only create a favourable temperature, but also substan- 
tially raise the humidity necessary to life at the expense of 
the water formed during the oxidation of starch. 

It should be noted that the more highly organized the 
given living being, the higher it has climbed in its evolu- 
tionary development, the more actively can it emancipate 
itself from the unfavourable external conditions. Its rela- 
tions with the outside world expand and become differen- 
tiated, but it creates its own internal environment and thus 
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| extraordinarily extends its possibilities of existing under 


diverse conditions. 

This can be observed at least in warm-blooded animals. 
Their body cells and, especially, their nervous tissues, are 
extremely sensitive to even the slightest fluctuations in 
temperature, to changes in acidity, salt content, oxygen 
supply, etc. But the animals can live under very unfavour- 
able external conditions (for example, in the Extreme 
North) because they have their own internal environment, 
where all of the above-mentioned factors are regulated 
with amazing precision. 

Man presents an absolutely exceptional case in this re- 
spect because at the time of his descent matter had 
already transcended in its development the biological evo- 
lution, had risen to a higher stage and had acquired new 
social forms of motion. 

In our days hardly anybody will doubt that man will be 
able to live on artificial Earth satellites or on the Moon, 
where the external conditions are extremely unfavourable 
to life. 

But the answer to whether life could have originated 
on the Moon in the process of its cosmic evolution with 
man as the result of this development will have to be quite 
different. All we know about the nature of the Moon today 
makes us answer this question in the negative. 

However, the problem of the existence of life through- 
out the Universe is formulated in an approximately anal- 
ogous manner. We have good reasons for rejecting the 
panspermic theory, which asserts the possibility of con- 
stant transfer of viable germs from one celestial body to 
another, and believe that life originates anew in the process 
of the development of matter each time and wherever the 
requisite conditions for this origin are on hand. This is 
why we cannot reduce our analysis only to a simplified 
comparison of the physical and chemical conditions which 
now exist on any particular celestial body and which are 
required by any of the terrestrial organisms to live on it. 
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To get the answer we need we would have to picture ty 
ourselves the ways life originated and developed on a giy. 
en celestial body in the process of its evolution, as we dig 
here on the Earth, or on the contrary, trace the courge 
which has led the development of the given celestial body 
away from the possibility of living organisms forming on of 
it. The solution of the problem posed in this manner is ey, a 
traordinarily complicated by our meagre knowledge in cos. th: 
mogony and, to a certain extent, in the problem of the 
origin of life. But the need is already ripe for a general 


pat 
sar 


, ant 


survey of all the data we possess and at least for the most A 
preliminary summaries in this field. Tt 
The analysis of the elements, which compose the bodies ey 
of the plants and animals inhabiting the Earth, as it has A 
been made by V. Vernadsky and his pupils, warrants two pic 
very important inferences. In the first place, we do not find 
in the organisms any elements which are not peculiar to A 
the Universe generally, and, secondly, the quantitative cor. le 
relations of tke elements of which the living bodies are? a 
composed sharply differ from the corresponding correla- £ 
tions in the Galaxy as a whole and differ somewhat even ly: 
from the environment in which the organisms live. In the . 


total mass of organisms an average of 70 per cent of the 
full weight falls on oxygen, 18 per cent on carbon and wi 
10.5 per cent on hydrogen. 


Thus, the elements of water and carbon, which form the, °° 
basis of organic substances, prevail quantitatively in the tP 
composition of living organisms. They constitute a sum to- th 
tal of more than 98 per cent of the live weight of organ- be 
isms. The remaining 1.5-2 per cent include nitrogen, cal- th 
cium, potassium and silicon which enter the composition to 
of the living organisms in tenths of one per cent, and 
phosphorus, magnesium, sulphur, chlorine, sodium, alumin- Su 
ium and iron, which form only hundredths of one per H 


cent. All these elements together with oxygen, carbon and 
hydrogen constitute 99.99 per cent of living substance. pax 
The numerous remaining elements of the periodic system ~~ 
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participate in the building of living substance in thou- 
sandths and even millionths of one per cent. Many of these 
do not necessarily have to be present in every organism 
and are only typical of certain groups of living beings. 
Thus, for example, vanadium is concentrated in the blood 
of a highly specialized group of marine animals—ascidia, 
where it plays an important physiological part similar to 
that of iron or copper in other organisms. 

The elementary composition of living organisms we have 
considered shows that water is their simplest and at the 
same time quantitatively prevailing chemical constituent. 
It plays an important part not only as the medium in which 
the metabolic processes take place, but also as a chemical 
compound which directly participates in very important 
biological reactions. 

We are pretty well aware of the biological role of the 
compounds which form other numerous (so-called ash) 
elements. Some of them take part in building the proteins 
of the protoplasm, others form part of the biological cata- 
lysts—ferments, still others set up the specific physical 
and chemical conditions on which both the structure of 
protoplasm and the sequence of the biochemical process, 
which take place in it, depend. 

But whatever the role of water and ash elements in the 
composition of life’s substratum, organic substances play 
the most important part. They are specific compounds of 
the living world. Not only do we not know a single living 
being without organic compounds, but we cannot even 
theoretically conceive the process of metabolism, specific 
to life, without them. 

We must, therefore, consider the formation of organic 
substances the first stage in the general development of 
matter on the way to the origin of life. Hydrocarbons are 
the simplest and, in this respect, initial compounds. It is 
not without reason that organic chemistry is now regarded 
as chemistry of hydrocarbons and their derivatives. 
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Even this first stage in the development of matter oy 
the way to the origin of life was until relatively Tecen ime 
times regarded in scientific literature as something incom,2!S° 
prehensible and unknowable. As a matter of fact the tran?” it 
sition of inorganic forms of carbon into organic forms aj P: 
the present stage of the Earth’s existence takes placa Maul 
almost exclusively biologically, mainly in the process jand 
photosynthesis. By utilizing the energy of sunlight gree, ticul 
plants synthesize all the organic substances they need fo, Of tl 
life and growth at the expense of the inorganic compounjman 
of carbon (carbon dioxide). Animals get these substance sum: 
from plants either through direct consumption or througtthe - 
consuming herbivorous creatures, their corpses or remains deer 
The same source of nourishment may be established forever 
the overwhelming majority of the other micro- and macro nads 
organisms, parasites and saprophites. Only a very limitedactu 
group of colourless microbes is able independently tgditic 
create organic substances from carbon dioxide utilizing”epc 
for this purpese the energy of oxidation of reduced compon: 
pounds of sulphur, iron or nitrogen (chemosynthesis), but C 
here, too, we have a biogenic formation of organic sub:ic cc 
stances. ever 

Consequently, all the organic substances of the modemin t 
living world on our planet are formed biogenically—byof c 
organisms. The same course lies at the basis of the origin O 
of coal, oil, bitumens and other organic fossils formed astion 
a result of decomposition of the organisms which had atmat 
one time inhabited the Earth. Many naturalists have, there-par'! 
fore, but recently rejected any possibility of abiogenic for-(wh 
mation of organic substances under natural conditions, ancfor 
this very much impeded the solution of the problem of thetem 
origin of life. plar 

A profound study of the question has shown, howeverloys 
that the biogenic mode of formation of organic substancesSub 
prevailing on our planet today is characteristic onlyCO" 
of the modern epoch of its existence. It has formed as Nen 
result of a long evolution of organisms, which had at oneintc 
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centime originated on the Earth; but organic substances had 
som also formed on the Earth long before these organisms lived 


tran. 0” it. det 
1s a D. Mendeleyev demonstrated the possibility of such for- 
lace mation of hydrocarbons by interaction between carbides 
5S qand water. It is well known that carbides of metals, par- 
sree, ticularly, carbides of iron, nickel and cobalt (components 
d fg of the mineral cohenite) were found in the Earth’s crust 
Oun/many years ago. In his time A. Fersman voiced an as- 
anceSumption that such carbides composed the main mass of 
Oug the Earth’s central core. At any rate they form one of the 
ains deepest layers, sometimes coming to the surface, how- 
d fever, where they can directly interact with water. V. Ver- 
acro.nadsky had already pointed out that such processes were 
niteyactually possible in the Earth’s crust under modern con- 
ly toditions; this possibility was recently fully confirmed by 
lizingeports published in geological literature that hydrocar- 
combons of abiogenic origin had been found in égneous rock. 
), but Consequently, abicgenic formation of the simplest organ- 
sub-ic compounds—-hydrocarbons—is taking place on the Earth 
even today, and it undoubtedly occurred on a wide scale 
odernin the past, especially, in the process of the formation 
y—byof our planet. 
origin On the basis of his extensive physicochemical investiga- 
d astions H. Urey came to the conclusion that during the for- 
ad aimation of our planet from a protoplanet a considerable 
here-part of the primary methane of the gas and dust cloud 
c for-(which, according to modern views, served as the material 
;, anclor the formation of the planets) volatalized owing to a 
yf thetemperature increase in the region where the terrestrial 
planets were being formed. Carbides of iron and nickel al- 
veverloys offered the form for carbon accumulation at the time. 
ancessubsequently, when the formation of the Earth was nearly 
onlycompleted, but the Earth was still in its reduction stage, 
as anew hydrocarbons, emitted from the entrails of the planet 
t onelnto its atmosphere, were being formed. 


38—353 33 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


Our knowledge in the field of stellar and planetary co, 
mogony is still very insufficient, but we are warranted į ; 
the assertion that the main condition for the first stage j ee 
the development of matter on its way to the origination q 
life—the formation of hydrocarbons „on any particula. the 
celestial body—was the reduction medium. As a matter ¢ poy 
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fact, inasmuch as hydrogen is the predominant eleme Co 
throughout the Galaxy, we can ascertain the presence (| ge 
hydrocarbons everywhere, on the most diverse celesti Ea 
bodies and under the most different physical condition tit 
We discover compounds of carbon and hydrogen in th by 
atmosphere of the stars, in particular, in the atmosphel SU 
of our Sun, at a temperature of several thousand degree la; 
Methane is present in enormous quantities in the atmo! int 
phere of the large planets, where there is a very low ten ™ 
perature, but where the relationship of the elements is prt 1al 
served on the level which existed in the primary gas all Ox 
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dust cloud with a sharp prevalence of hydrogen and, con- 
sequently, with a clearly pronounced reduction nature. As 
we have mentioned above, hydrocarbons were isolated di- 
rectly from meteorites, while the bands characteristic of 


į them were discovered in the spectra of comets. Hydrocar- 


bons must, undoubtedly, have formed on other terrestrial 
planets as they did on the Earth. 

Thus, the stage in the development of matter, which we 
may regard as the first very important stage on the way 
to the origin of life on the Earth, is a widespread process 
in the Universe and is peculiar to a large number of differ- 
ent celestial bodies. 

The second stage on this way is somewhat different. This 
stage on the Earth was the process of the origination of 
various and complex organic compounds forming part of 
living organisms, especially the origin of protein bodies 


| which crown the chemical evolution of organic compounds 


and at the same time play an extremely important part in 
anisms without exception. The presence of 
hydrocarbons was the initial and necessary condition for 
going through this stage, since it is precisely hydrocarbons 
that are fraught with extremely wide chemical possibilities 
and at the same time possess the enormous reserve of 
energy required for the formation of complex and high 
molecular organic compounds of the living world. 
However, these concealed potentialities of hydrocarbons 
could be realized only on the planets where the free hydro- 
gen constituting the bulk of world matter was lost. On the 
Earth, in particular, there could have been no large quan- 
tities of free hydrogen. Here this element was represented 
by its numerous compounds—water, ammonia, hydrogen 
sulphide, etc. Due to photochemical reactions in the upper 
layers of the atmosphere the vapours of water broke up 
into oxygen and hydrogen. Because of its relatively small 
mass the Earth was unable to retain the hydrogen and the 
latter escaped into the interplanetary space, while the 
oxygen joined the substances which were as yet unsatu- 
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carbon dioxide, the final product of oxidation. A simila) I 
process may have occurred during direct hydration of thein 1 
hydrocarbons as a result of their combining with wholé are 
molecules of water. As a result of their interaction with gro 
ammonia the aforesaid organic compounds yielded nitrous spa 
derivatives of hydrocarbons along with their oxygen deriv-is |] 
atives. sec 

The hydrocarbons thus liberated into the primary Earthhar 
atmosphere chemically interacted with the vapours ofthe 
water, ammonia, hydrogen sulphide and other gases indoy 
this atmosphere. This interaction was greatly favoured by diff 
the short-wave ultraviolet light and the quiet and spar the 
electric discharges occurring in the atmosphere. Many re'thu 
cently published scientific works report laboratory reis, 
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a production of the conditions that may have existed in the 
‘primary atmosphere. They have demonstrated that even 
h Is so relatively inert a gas as methane may serve as the initial 
wn ta substance for the formation of most diverse organic com- 
pounds. By way of example we can cite the experiments 
of S. Miller who, by passing quiet discharges through a 
gas mixture consisting of methane, hydrogen, ammonia 


Fig. 3. Diagram of formation of sugar from formaldehyde 


land water vapours, obtained amino acids which are the 
am (most important constituents of the protein molecule. 
|T. Pavlovskaya and A. Pasynsky synthesized amino acids 
iby employing ultraviolet light. The latter syntheses are of 
particular interest to us, owing to certain special circum- 
___ stances which we must now consider in greater detail. 
imila It is well known that many organic substances can exist 
of the in two forms which are very much alike. Their molecules 
whole are made up of the same atoms and even of the same atom 
with groups, but these groups are differently distributed in 
itrous space. If a radical of one form of an analogous compound 
deriv-is located on the right, exactly the same radical of the 
second form is located on the left and vice versa. Our two 
Earth hands may serve as a generally comprehensible model of 
irs of these dissymmetric molecules. If we place them, palms 
es ildown before us, we will see that the right and left hands 
ed bydiffer profoundly as to the location of their parts. While 
spatithe thumb of the right hand is directed to the left, the 
ny re thumb on the left hand is directed to the right. Each hand 
y reis, as it were, a mirror reflection of the other. 
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In an artificial synthesis of organic substances we always ract, 
obtain an even mixture of both forms of dissymmetri;. ey 
molecules (racemate). This is quite understandable, sing, Ce 
the formation of either of these forms—right or left an. reat 


fectly identical forces, and either of the antipodes can, of 1 
therefore, form with the same probability. As a matter of | 


the í 

n pé 

prote 

( 

Conventional designations: T 

QMetal @Corbon Nitrogen @ Oxygen o Hydrogen thes 

Í Fig. 4. Diagram of the structures of molecules of differ- earl 
| ent organic substances: a. Alcohol, b. Vitamin C, tion 
qi c. Fatty substance (cholesterin), d. Nucleic acid post 
asy1 

u tipodes—in a chemical reaction depends on which of the ba 
if two atoms or radicals located to the right or left of the el 
i plane of symmetry, will be replaced by new atomic groups: R 
l | But both these atoms or radicals are acted upon by per pos: 
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Yaysfact, no excess of either antipode or so-called asymmetry, 

tritis ever observed in artificial syntheses. 

ince Contrariwise, asymmetry is the most characteristic 

an-feature of living organisms. Here we always encounter 
the formation and accumulation of one of the antipodes. 
tin particular, the amino acids, which form part of natural 
proteins, are always represented only by the left-side form. 


Conventional designations: 
@ Carbon @ Nitrogen @ Oxygen © Hydrogen 


Fig. 5. Diagram of a small section of a polypeptide chain 
forming the basis of the protein molecule 


The question of the impossibility of an asymmetric syn- 
thesis other than through living organisms was very acute 
early in the 20th century and seriously impeded the solu- 
tion of the problem of the origin of life. However, this 
postulate was later disproved experimentally. A primary 
asymmetric synthesis was actually carried out in a labo- 

the ratory by means of photochemical reactions produced by 
the using circularly polarized ultraviolet light. This suggests 
the idea that in the syntheses analogous to those carried 
out by Pavlovskaya and Pasynsky it would also have been 
possible to obtain asymmetric amino acids characteristic 
of living organisms if circularly polarized ultraviolet light 


ups. 
per 
can, 
r of 
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had been used. It has been demonstrated that this king 
light really existed under the natural conditions of the 
yet lifeless Earth and, hence, asymmetric amino aciq 
could, here too, have originated abiogenically. 

In his book Physical Bases of Life J. Bernal Showa, 
another course for the primary origination of asymmetp, 
in nature. It is the reaction on the surface of optically ag 
tive crystals of quartz very common in inorganic natur 
Recently A. Terentyev and his associates achieved a direy 
(absolute) asymmetric synthesis of a number of Organi 
substances catalyzing the reactions of hydration, isomer 
zation, etc., on the surface of quartz. 

As the organic substances gradually became more com 
plex they lost their gaseous nature and increasing 
passed from the atmosphere to the primary water manti 
of the Earth (the hydrosphere). It is here that the bulk 9 
organic compounds had to accumulate and it is precisely 
here that the main processes forming high molecular sub. 
stances and transforming them into multi-molecular sys 
tems, serving as the basis for the origin of life, operated 

Of late scientific literature has reported numerous ex. 
perimental data showing that processes of gradual poly: 
merization and condensation of various organic substance; 
should have occurred on a large scale under the conditions 
indicated by us. In this connection we can refer particu: 
larly to the work done by the Japanese scientist S. Aka: 
bori in carrying out the primary synthesis of protein-like 
substances. We can also make reference to similar studies 

conducted by other authors and reported to the Moscow 
Symposium on the Origin of Life (1957). It follows from 
these reports that at a certain period in the existence of 
the Earth numerous and diverse protein-like substances 
and other complex organic compounds characteristic of 
life necessarily had to come into being in the waters of the 
Earth’s hydrosphere. 

Thus these waters became a rather highly concentrated 
sort of “nutrient broth.” Even if only half of the carbon 
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existing on the Earth’s surface were then in the form of 
dissolved organic compounds their concentration in the 
waters of the primary ocean would have reached a mini- 
mum of some tenths of one per cent. 

The Earth’s present-day water mantle also contains a 


+ very small amount of organic substances, originating here, 


in the main, secondarily, as products of the vital activity 
of organisms, or during the disintegration of their dead 
bodies and remains. However, the waters of present-day 
seas and oceans cannot serve as the place where we could, 
under natural conditions, observe the processes of gradual 
complication of organic substances analogous to those 
which at one time resulted in the emergence of life. This 
is hindered, firstly, by the abundance of free oxygen in 
these waters and, secondly, the existence of living organ- 


| isms thoughout them. 


The organic substances now formed in any way what- 


. soever are very rapidly destroyed and devoured by these 


organisms. The long evolution of organic substances could 
take place under natural conditions only in the absence of 
organisms, only on the as yet lifeless Earth. Thus, while 
there are still many gaps in our knowledge concerning the 
second stage, we have mentioned, in the development of 
matter and we need extensive and complex experimental 
work to meet the deficiency, the general nature of the proc- 
esses which resulted in the primary synthesis of proteins 
and other complex organic compounds on the Earth is 
already quite clear. 

What conditions were required for similar processes to 
occur on other planets and what could have hindered them? 

The first requirement—the presence of initial hydrocar- 
bons, as we have observed, was met by many planets. The 
case is somewhat different with the second requirement— 
the absence of free hydrogen. This stage can appear only 
when a planet, owing to its small mass, cannot retain the 
free hydrogen and considerably changes in the process of 
formation and development its elementary composition as 
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x initial gas and dust cloud. Ri 
compared with that of the initi Bees reellan wi ae 
this could not have taken place ` ch 

tained their primary hydrogen. There take! 
have almost fully re r a CO cours eee 
the evolution of hydrocarbons took a IESI e e. In 
part, reactions of photochemical POVA ene of me i 
ane leading to the formation of high-molecu ar be AAA 
and unsaturated hydrocarbons might have eee exten, Lea 
sively on the large planets. Thus, for example, the colour. ee 
ing of the red spot on Jupiter 1s ascribed by some astrono. toda 
mers to the highly polymeric compound—cuprene. But aa 
the hydrocarbon derivatives characteristic of living organ: ae 
isms could not have originated there. Only the terrestrial nor 
planets met the second requirement we have mentioned. edi 
An indispensable presence of water may be considered thi 
the third requirement. Water is necessary as a direct par. A 
ticipant in the hydration reaction and the irreplaceable ae a 
medium in which the aforesaid transformations of hydro. nye 
carbons and their derivatives may take place. On the Earth is w 
all these processes occurred in the hydrosphere; the pres. an 
ence of large reservoirs on the surface of the Earth also jy o 
aided in the migration of many ash elements necessary fot exis 
the formation of a number of compounds and for the ca ed c 
talysis of most of the chemical reactions; calcium in the that 
process of sugar synthesis and iron in the catalysis of This 
oxidation reactions may serve as examples. that 
But it cannot be denied that processes are also likely to whe 
occur outside large accumulations of water. Some scien: ple, 
tists (W. Williams and N. Kholodny) even supposed that lem 
life on the Earth originated on the surface of the particles tria 
of marl of primordial rocks. This point of view was sup T 
ported by B. Polynoy, who had made an extensive study ol of r 
the problems of migration of the elements of the biosphere. muc 
In order that the processes we have mentioned take req 
place on the surface of the rock particles, these particles in ] 
must be moistened with water present either in the form sol 
of drops or at least as surface films. Only under thes V 
conditions, in water just the same, could the formation 0 as | 
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Bu 
nich complex organic substances, particularly proteins, have 


here taken place. It is clear that under these conditions the 
n Th amount of water required sharply diminishes. e 
eth. We must now touch upon the temperature requirements. 
ateq O WINS to their exothermic nature the reactions we have 
te ‘considered could have taken place more or less rapidly 

within rather wide limits differing by dozens of degrees in 

E either direction from the average terrestrial conditions of 

B today. But could the proteins have originated and survived 
under relatively high temperatures or should they have 
undergone thermal denaturation? This question is much 
al more complicated than it is usually believed to be. It is 
“ordinarily thought that proteins coagulate at 60°C, but 
eredi. - ees k 

this is a prejudice based on the everyday observations of 
par the coagulation of the egg-white. As a matter of fact most 
able of the plant and animal proteins we know denature at 
f TO: much lower, even under so-called room temperatures. This 
arth ig why we must do this work in refrigerating chambers if 
pres: we wish to obtain a preparation of nondenAtured protein 
also in our laboratories. The question is: how can native protein 
y fot exist under terrestrial conditions, especially in warm-blood- 
> Ca ed organisms, in thermophilic bacteria and in the microbes 
1 the that live in hot springs at temperatures of about 90°C? 
S of This paradox is, apparently, partly explained by the fact 

that the thermostability of proteins considerably increases 
ly t0 when the latter combine with certain substances, for exam- 
cien: ple, nucleic acids, hemin, etc. But on the whole this prob- 
that lem cannot be considered fully solved even for our terres- 
‘icles trial conditions. 
sup Thus, we see that the second stage in the development 
dy of of matter on the way to the origin of life already required 
here much more differentiated conditions than the first. These 
take requirements could be met only by some celestial bodies, 
icles in particular, the planets of the terrestrial group of ‘the 
form solar system and analogous planets of other stars. 
these We sometimes hear that with the formation of proteins 
yn of as the most complex organic compounds, with the forma- 


trial 
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ar amino-acid polymers the pro, 


igi i idered ended. Ref 
origin of life may be cons! x 
38 bee o well-known statements g 


ences are frequently made t Í these 
F. Engels, overlooking the fact, however, that Engels di 5 ti 
not speak simply of protein, but of protein bodies pets: Ga 


with metabolism, bodies which in order to exist mug Bee 
constantly regenerate themselves at the expense of th que 
substances in their external environment. ; likey 
We do not find this process of self-regeneration and self T 
reproduction anywhere in the inorganic world. It is, there i 
fore, metabolism that is the characteristic feature of lift ties ; 
and that compels us to regard it as a qualitatively specific vital 
form of motion of matter. l phot 
Even the simplest organism lives only as long as evel of re 
new particles of substance and the energy peculiar to jt etc., 
move through it in a constant stream. From its environ. quen 
ment the organism absorbs extraneous, foreign substances, Bu 
which as a result of a series of biochemical reactions are disti 
transformed into the substances of the organism itself and the i 
become identical with the chemical compounds which had orde 
previously already formed part of the living body. This is sand 
the process of assimilation, but it goes on hand in hand n0t | 
with dissimilation, the reverse process. The substances of ntir 
a living organism do not remain invariable, but disinte S€ 
grate more or less rapidly and are replaced by the newly Eiye 
assimilated substances while the products of disintegration prii 
are voided into the external environment. Thus, the sub: bodi 
stance of a living organism continually disintegrates and oeri 
regenerates as a result of numerous closely interconnected cisjy 
reactions of decomposition and synthesis. planı 
The sum total of modern biochemical knowledge shows A 
that the separate individual reactions taking place in living diffe 
bodies are relatively simple and uniform. These are the the ) 
well-known reactions of oxidation, reduction, hydrolysis, the | 
phosphorolysis, aldol condensation, transamination, etc. close 
easily reproduced in the chemist’s retort. very 


tion of the high-molecul 
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roc There is nothing specifically vital in any of them. Spe- 


k 4 cific for living bodies is, primarily, the fact that in them 
ad these separate reactions are in a certain manner organized 
in time and combined into a single integral system, like 
& separate sounds combining into a musical composition, for 
E| example, a symphony. No sooner do we disturb the se- 
quence of sounds than we get disharmony and chaos. It is 
likewise important for the organization of living bodies that 
the reactions in them occur not accidentally or chaotical- 
è ly, but in a strictly established harmonious order which 
life lies at the basis of both anabolism and catabolism. Such 
cift yita] phenomena as, for example, fermentation, respiration, 
photosynthesis, synthesis of proteins, etc., are long chains 
Vel of reactions of oxidation, reduction, aldol condensation, 
0 it etc., which replace each other in a perfectly precise se- 
ron: quence, in a strictly established, regular order. 
ce, But what is particularly important, what fundamentally 
are distinguishes the living organisms from all the systems of 
and the inorganic world, is the purposefulness of the aforesaid 
had order peculiar to life. Many scores and hundreds of thou- 
is ig Sands of chemical reactions taking place in a living body 
and not only harmoniously combine in a single order, but the 
sof entire order regularly conditions the self-preservation and 
a self-reproduction of the vital system as a whole under the 
given conditions of the external environment and in a sur- 
prising conformity with these conditions. 
s The origin of metabolism, the formation of protein 
ub: bodies endowed with metabolism, i.e., essentially the for- 
and mation of the simplest living organisms, was the third, de- 
ted cisive stage in the process of the origin of life on our 
planet. 
ows A careful study of metabolism in modern organisms at 
jing different stages of evolutionary development shows that 
the the rates of the separate chemical reactions, which lie at 
ysis, the basis of the phenomena peculiar to metabolism, are 
atc, closely coordinated. Any organic substance can react in 
very many different directions and has extensive and multi- 
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Fig. 6. Relatively simple two-compo- > 
nent coacervate drops magnified 225 int 
times ag: 


creates the conditions for the definite sequence and ct res 
ordination of the reactions against the background of th 8° 
stormy process of life. The reason lies in the catalytic pro W€ 
erties of proteins. In order that any substance of a livin 
organism take real part in metabolism it must interat Sta 
chemically with protein, form with it a definite, very mobil St 
and unstable intermediate compound. Otherwise its chem ™° 
cal potentialities will be realized so slowly that the impo hig 
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o 


tance of the given reaction to the process of life will be 
lost. 

Thus, in proteins (ferments) living matter has not only 
powerful accelerators of the chemical processes, but also 
the internal apparatus which gives these processes a very 


' definite direction. Since the protein ferments are extraor- 


dinarily specific, each of them can form intermediate com- 
pounds only with certain substances and catalyze only 
strictly definite individual reactions of hydrolysis, oxida- 
tion, condensation, etc. Hundreds and thousands of various 
protein ferments, combining into an intricate and at the 
same time single complex, take part in every vital process, 
the more so in the total metabolism. 

Hence, it is clear that on the way to the origin of life 
there must have formed analogous, multi-molecular pro- 
tein complexes which were isolated from the general so- 
lution of the protein substances as individual systems— 
protein bodies. 

Most of the modern scientists, who deVote themselves 
to the problem of the origin of life, see the necessity for 
the isolation of such systems mainly in the fact that their 
origin consolidates, as it were, the result of the protein 
synthesis, that they are in lesser measure subject to the 
reverse process of disintegration. 

Wald says that the isolation of protein complexes creat- 
ed the conditions under which the “intramolecular dis- 
integration was counteracted by different intermolecular 
aggregation.” It appears to us that this manner of isolation 
of specific protein systems was even more important in 
respect to new regularities of a higher order than the ones 
governing the phenomena in the inorganic world were, as 
we shall subsequently show, created on its basis. 

Diluted solutions of low-molecular substances are quite 
stable systems in which the degree of diffusion of the sub- 
stance and the uniformity of its distribution in space are 
not in themselves disturbed. On the contrary, particles of 
high-molecular proteins yield colloidal solutions which are 
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relatively unstable. If we mix two or more solution othe st 
individual protein substances under very te ordinanstan A 
conditions we shall observe a pronounced turbidity in thesubst: 
mixture. If we examine this turbid liquid under a Micro, De: 
scope we shall see that in the formerly vacant field of visiņdrops 
ñzatio 
adsor 
The <é 
the a 
the s 
teins 
esses 
stanc 

In 
place 
inclu; 
Thus 
partii 
affec 
integ 
time 
are T 
ual c 
defin 


Fig. 7. Complex coacervate drops. In 
addition to protein they contain 
carbohydrate and nucleic acid (mag- more 

nified 320 times) tions 


stabl 


q : some sharply defined drops have formed and now float in only 
i the surrounding liquid. The following is taking place: the 8rO 
protein molecules formerly evenly distributed throughout exist 
the solvent begin to unite into molecular swarms or piles 
and, when one of these piles reaches gigantic proportions, Yate 
when it contains many millions of molecules, it separates tiOn: 


iJ 

t 
pp as the drop we see under the microscope. These drops have ‘'©S 
| 

l 


| been termed coacervates (from the Latin word coacervatus me 
j —accumulated, collected). All the proteins formerly dif Ge 
fused in the solution now concentrate in these drops, while ° 
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S othe surrounding liquid is essentially deprived of these sub- 

NaN stances; it is now water or a solution of the low molecular 

| thesubstances which have not entered into the coacervate. 

Cro, Despite their liquid consistence the protein coacervate 

Siondrops possess some sort of internal very elementary organ- 
fization. They are characterized by a pronounced ability to 
adsorb different substances from the surrounding solution. 
The adsorption is frequently complicated by the fact that 
the adsorbed substances begin to interact chemically with 
the substances of the drops proper, mainly with the pro- 
teins. Direct investigations show that on this basis proc- 
esses of disintegration and synthesis of various sub- 
stances are likely to occur in the drops. 

In artificially produced coacervates these processes take 
place relatively slowly, but they may be accelerated by the 
inclusion of inorganic or organic catalysts in the drops. 
Thus, the general organization of the given coacervate, 
particularly its composition and structure, very strongly 
affects the correlation of the rate of the precesses of dis- 
integration and synthesis taking place in it. At the same 
time it is very important that the correlations of these rates 
are not immaterial to the subsequent fate of each individ- 
ual coacervate drop we have produced. If by force of its 
definite composition and structure synthesis takes place 
more rapidly than disintegration under the given condi- 
tions of its external environment, the drop is a dynamically 
stable formation for the aforesaid conditions and may not 

t in Only persist for an unlimited time, but even increase in size, 
the grow. Conversely, the drop loses its stability and after 
rout existing for some time breaks up and disappears. 
iles These properties, discovered by direct study of coacer- 
ons, Vate drops, artificially produced under laboratory condi- 
ates tions, bring us closer to understanding the new regulari- 
jave ties which had to arise on the way to the formation of pri- 
atus Mary organisms. 

In metabolism we are amazed by the extreme conformity 

hile between the organization of the living systems and their 
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functions, the high coordination between the individų 

links of metabolism and its general tendency to Presery, Co 
reproduction of the whole system under disin 
ns of the external environment. All this in siz 
ble with the expedience in the Structyfect 


tion and self- 
given conditio 


really compara : 5 
of the organs we directly observe in the higher organisn,jtabi 


But, both, here and there this expedience could have comsize. 
into being only on the basis of similar regularities, ieUpor 
on the basis of the interaction between the individua] sydrop 
tem and its environment, on the basis of Darwin’s prmotł 
ciple of natural selection. ae its € 
Sooner or later the proteins or protein-like substancghanc 
which originated in the water of the Earth’s primary punde 
drosphere, had to form complex coacervates. The proper, Tr 
ties of the coacervate drops, which were established whelZzed 
studied in the laboratory, show that the very formatigvate 
of the drops had to lead with absolute necessity to tytheit 
origination of a natural selection of these individual sy°! t! 
tems. 2 p 
The coacervate drops, formed in the Earth’s hydrospher “ef 
were not submerged in ordinary water, but rather in a sol"° 
tion of different organic substances and inorganic salts” 2S 
These substances and salts were adsorbed by the coace CAY 
vate drops and later entered into chemical reaction wit! 
the substances of the coacervate itself. Processes of syn 
thesis occurred and were paralleled by processes of disin om 
tegration. The speed of each of these processes depende oy 
on the internal organization of each given drop. The Onl), ery 
drops that could exist for some time were those that POSctan 
sessed a certain dynamic stability, those in which undeoata 
the given conditions of the external environment — thiivit 
synthetic processes were faster than the processes of depo 
composition. Otherwise the drops were doomed to disapor t 
pear. The individual history of such drops ended abruptlacc, 
and such “poorly organized” drops could, therefore, Mham 


longer play any part in the subsequent evolution of organlharı 
matter. 
reac 


proc 
this 
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Vid). 
sen, Conversely, the drops, in which synthesis prevailed over 
ler disintegration, were not only to survive, but even increase 
this in size, grow. Hence, it was the drops with the most per- 
Uctyfect organization from the point of view of their dynamic 
Nisnstability and rate of growth that constantly increased in 
 consize. But a drop cannot incessantly grow as a single whole. 
s, ięUpon reaching a certain size it divides forming “filial” 
al syclrops. These separate parts were originally similar to the 
3 prymother drop, but having separated each of them pursued 
its own course with its own changes, which either en- 
‘ancehanced or diminished its chances for further existence 
ry pyunder the given conditions of its environment. 
rope; Thus, parallel with the increase in the amount of organ- 
Whelzed substance and the growth of the number of coacer- 
nativ ate drops in the hydrosphere of the Earth, the quality of 
to tytheir organization also constantly changed. But as a result 
1] sy! the fact that this alteration constantly occurred under 
the strict control of natural selection it acquired a very 
phey definite direction. Any change in the organization of the 
s solr OPS produced by the action of the external environment, 
salts” 4S preserved for further evolution only if it satisfied the 
oacet Cduirements for increasing the dynamic stability of the 
wig yen coacervate and at the same time accelerated the 
f g A Oee taking place in the coacervate. In the beginning 
digin "S acceleration was produced by a simple inclusion of 
Amo me inorganic catalyst (for example, the salts of iron, 
copper, calcium, etc., widespread in nature) in the coa- 
5 onl -ervate. Subsequently, by interacting with different sub- 
t POSstances, primarily with the proteins of the coacervate, these 
undt-atalysts could greatly and specifically change their ac- 
tivity. As the coacervates grew, natural selection aided in 
of ‘the preservation only of the most perfect combinations 
disap of the complex catalyst-ferments, which most perfectly 
ruptlaccelerated the reactions required for the creation of dy- 
re; Myamic stability of the complex albuminous bodies, for the 
rganiharmonious combination of the energic and synthetic 
reactions, and, consequently, for the constant self-renewal 
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ation of the system under the given Cont coac 
ditions of existence. In the end this led to the Origin 9 inor 
protein bodies with an organized metabolism, i.e., to th ea 


igi ife on the Earth. f tl 
e Teale process occur on other planets and What i A 
were the necessary conditions for it? These conditions was 
were in large measure created as a result of the secon plan 
of the above-mentioned stages in the development g wer 
organic matter. This was, in the first place, the existence o face 
high-molecular proteins or protein-like polymers capab whe 
of forming individual colloidal systems of the coacervat, On i 
type. Secondly, the presence of water, the medium in whic} cycl 
the coacervates could originate as a result of the unifica plan 
tion of the protein particles previously present in th, side 
solution. This process could have occurred in large wate Earl 
masses (seas and oceans) or in any puddle, or even in th und 
water that moistened the marls of the primordial rocks ent 

The third requirement was the presence of a considera, and 
ble amount of various organic compounds which could livit 
serve for a long time as the source of replenishing the sub and 
stances composing the coacervates, because only on th 806: 
basis of this replenishment could the coacervate drops grov thes 
and multiply. Without this there could be no selection and fat 
consequently, no improvement of the drops. Only when thi: T 
improvement had reached a very high level could the other 50 ! 
more complex systems of nourishing the primary organ wat 
isms have arisen. lasi 

Fourthly, the water solution, where the coacervate “™' 
formed and evolved, should have contained along with thi con 
organic substances also inorganic salts, compounds of th € 
ash elements which are a necessary component part of al 
living bodies. The inorganic substances were necessary fo 
the origin and evolution of coacervates because they creal 
ed the Tequisite ionic concentrations and equilibria with S 
out which colloid-chemical phenomena are impossible. Ol; ~ 
the other hand, the inorganic substances acted as catalyst ee 
in the processes of synthesis and disintegration in thi € 


and self-preserv 
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cervate drops. The creation of the requisite mixture of 
oe anic compounds in the aqueous medium of a planet 
ERE a complex and protracted process of migration 
of the elements composing these compounds. y 

Already in the process of the planet's formation there 
‘was a far-reaching selection of the elements of which the 
planet was made up. The compounds of these elements 
were subsequently forced to regular migrations on the sur- 
face of the planet in the region of its future biosphere 
where they mixed in various proportions and combinations. 
On the Earth this occurred mainly on the basis of the water 
cycle, a process very efficient in this respect. But on other 
planets this could have come about in different ways. Be- 
sides, the correlations of elements characteristic of the 
Farth’s biosphere were not absolutely necessary. Even 
under terrestrial conditions various organisms have differ- 
ent compositions of their ash elements both quantitatively 
and qualitatively. In addition, similar reactions in some 
living bodies are catalyzed by iron, in others by copper, 
and in still others by manganese or even vanadium. It 
goes without saying that on the different celestial bodies 
these processes may take place in ways very different and 
far removed from each other. 

The period, during which the planet was being prepared, 
so to speak, for the formation of coacervate drops in its 
waters, was a very long one; to all apearance, it must have 
lasted many hundreds of millions of years. During that 
time, in the process of migration of elements, the inorganic 
composition of the biosphere had to form and the extraor- 
dinary complex chemical evolution of organic compounds 
from hydrocarbons and their simplest derivatives to pro- 
teins and other high-molecular compounds had to take 
place. But it also required an enormously long time for the 
simplest living beings to evolve from the primary coacer- 


i vates in the process of their development as a result of 


slow natural selection. The duration of this third stage in 
the development of matter is quite comparable with the 
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quired for the transformation of t 


period which was re h com 


simplest organisms into the modern higher plants and ay; And 
mals. During this period the environment, the extern; atm 
conditions altered repeatedly, though on the Earth the. sub: 
obtained within certain, rather narrow, limits approxima. i 
ing the present-day conditions. On other planets su” B 
changes in the external conditions could go beyond thes sub: 
limits without interrupting the organic evolution. It shou, pec 
be particularly emphasized that the decisive factor in th sub 
process of the origin of life was the interaction of th the 
organic system with the external environment. The e tot 
vironment formed life. We can, therefore, have many dif pad 
ferent versions of the very idea of “life.” It may involy ism 
a change in the nature of the protein structure, in th uall 
composition of the catalysts acting in the system, in th sen 
sequence of the metabolic reactions and, consequently, i twe 
the: nature of the energic and synthetic processes arisin slos 
on this basis, etc. It is only important that the consta 1 
self-restoratidn and self-reproduction of the system unde’ duc 
the existing conditions of the external environment alway; nat 
be ensured. the 
It is, therefore, hard to believe that the forms of livin tion 
beings inhabiting the other planets closely resemble th ger 
earthly plants and animals. Essential differences must have bei 
arisen at the very time life was in the making constantly of 
increasing in the process of biological evolution. enc 
The first organisms that came into being on the Eartt syr 
had to be creatures capable of feeding only on ready-mad car 
organic substances. We get ample proof of this from th ess 
comparative study of the metabolism in all present-dal 4 1 
organisms. The ability for precisely this type of feeding of 
peculiar to all known living beings without exception; i ser 
is inherent in the very organization of living matter. Thi for 
type of feeding not only gave the primary living being, the 
ready-made building material, but also made them inde; ` 
pendent of other sources of energy. They obtained all th Co 
energy they needed for life from disintegrating organit a8 
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s, which had primarily originated abiogenically. 
there was no molecular oxygen in the terrestrial 
e at the time, the decomposition of the organic 
the substances was effected by primitive organisms through 
imat: fermentation on the basis of their anaerobic disintegration. 
Suey” But as life developed the reserve of abiogenic organic 
thes substances on the surface of the Earth must have gradually 
houk pecome depleted. As we saw above the main mass of these 
n th substances came into being on our planet when it was at 
th the reduction stage of its development before its transition 
€ en to the oxidation stage. That period in the life of the Earth 
y di, had passed. In the process of vital activities of the organ- 
Vol, isms the abiogenic organic substances on hand were grad- 
a th ually transformed into carbon dioxide while the new re- 
n th serves of hydrocarbons arising from the interaction be- 
ly, i tween carbides and water were replenished relatively 
risin, slowly. 
stan, This radical change in the conditions of existence pro- 
inde’ duced, at a definite period in the development of living 
way; nature, new forms of metabolism. Some organisms adapted 
themselves to the use of the energy formed by the oxida- 
iving tion of the reduced compounds of iron, sulphur and nitro- 
. th gen. That is how chemo-synthesis arose. But the living 
haw beings, which had acquired the ability of absorbing light 
antl of a definite wavelength and were thus able to use the 
energy of the light for the photolysis of water and for the 
Eartt synthesis of organic substances from the carbon of the 
mad carbon dioxide, made particular headway. The study of the 
n tht essence of photosynthesis shows that this process requires 
t-da) a very perfect organization, a very efficient coordination 
ngi of many light and dark reactions, the participation of a 
yn; i Series of ferments and the presence of complex structural 
Thi formations. Photosynthesis could have formed only when 
eing the organization of metabolism was on a rather high level. 
inde: The origination of photosynthesis radically altered the 
I th’ Conditions of life on the Earth. The period of acute short- 
ganit ages of organic substances was past. Some of the organ- 
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isms began to create the organic CeT A they neede 
themselves, the others retained the previous orms of feed 
ing utilizing the substances which now arose biogenicaly 
in the process of photosynthesis. On this basis the Organ 
isms were divided into the world of plants and that af 


animals. 


: f 
The origin of free gaseous Oxygen, which had not for. 


merly existed in the atmosphere of the Earth, was also; 
very important result of photosynthesis. This enabled mosi 
of the living beings considerably to rationalize their energ 
exchange by passing from anaerobiosis to oxygen respira. 
tion in which the energy hidden in organic substances į 
fully utilized. This transition was possible only becauy 
the former system of metabolism was augmented by ney 
ferments and other protein substances. These additiona 
systems can really be discovered in the protoplasm oj 
higher organisms as certain superstructures on the for 
mer mechanism of anaerobiosis which is the basis of the 
energy exchange of all living beings. But since respiration’ 
came into being at a relatively late stage in the develop. 
ment of life these superstructures differ in the various rep. 
resentatives of the plant and animal worlds. 

The changes in the structure (the morphology of living 
matter) were closely connected with those in metabolism, 
The cellular structure came into being; it was followed by 
the formation of multi-cellular living beings with their 
complex systems of tissues and organs, and, at last, by 
man, 

We, certainly, cannot say how life originated and devel: 
oped on other celestial bodies under the conditions peculiar 
to them. But it stands to reason that the organisms form: 
ing in the process of biological evolution must differ es- 
sentially from the terrestrial animals and plants since it 
is the environment that forms life. 
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a POSITION OF THE SUN IN THE UNIVERSE 
AUSE 
ne Of all the cosmic bodies the Sun, which is the central 
iona þody of our planetary system and the closest star to us 
m o controlling the movements of the planets, is of the greatest 
for importance to the Earth. Owing to its enormous mass the 
f the Sun not only unifies all the planets revolving around it 


ation’ into a single system, but also supplies ther with an un- 


eop. 
rep: 
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lism. 
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interrupted stream of radiation at the expense of the 
atomic energy spontaneously produced in its interior. 
Without the emission of atomic energy the Sun could 
not have maintained its intensive radiation all through its 
existence, i.e. approximately over 4,000 million years. 
This becomes apparent if we only calculate the energy 
the Sun had to lose during the time indicated. Each second 
the Sun radiates 4x103 ergs, while its mass equals 2x1033 
grams. From this we can easily compute that each gram 
of the solar mass loses 2 ergs per second and that through- 
out its existence the Sun’s energy outlay for each gram 
of its mass has constituted as many ergs as there are 
seconds in 8,000 million years (i.e., 2.5x10!6 ergs). Despite 
this monstrous energy outlay the Sun is still a greatly 


, heated body with a temperature of about 20 million degrees 


f 


\in its centre. Only “combustion” of hydrogen and its 
transformation into helium with a production of atomic 
energy can be the source of solar energy. Similar processes 


57 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


nee: ch star. But they can take place Only į 
Se ail teres enough mass. If a cosmic body has i 
small mass, as, for example, our Earth, atomic energ 
cannot be spontaneously generated because the temperą 
ture and pressure in the central parts of the body will be 
too low to overcome the interatomic forces and for thy 
protons to penetrate into the nuclei. 

Thus, the difference between a star and a planet İS pre 
cisely in their masses. A body with a small mass is coy 
and there can be no nuclear reactions in it. But shoy; 
the mass of a body increase approximately to 1/20-1/2: 
of the mass of our Sun its inner pressure and temperatur 
will increase to the extent that nuclear reactions will b 
possible and this body will change into a Star, i.e., it wi 
spontaneously emit radiant energy. 

Thus, the stars are luminous bodies because they produc 
atomic energy. That is why, when looking at the nigh 
sky, we get the impression that the Universe is compose 
chiefly of stars around which invisible planets ma! 
revolve. As a matter of fact the Universe has a mut 
more complex structure. To start with, the stars are no 
haphazardly dispersed in infinite space, but form inj 
more or less vast systems. One of these systems, fo 
instance, is our Galaxy—an enormous accumulation 0 
stars which form on the firmament the familiar picture 0 
the Milky Way. 

We In the centre of the Galaxy is its “nucleus,” made u; 
of numerous stars situated closer to each other than i 
| the other regions of the Galaxy. The mass of the nucleu 
is very small compared with the mass of the entir 
Galaxy. Several spiral arms, in which especially brigh 
` and massive stars are located, as well as clouds of gaseol 
| matter and minute dust matter absorbing a considerabl 
i} part of the light emanating from the stars, issue from th, 

nucleus. The observable division of the Milky Way inl) 

two wide branches, which later merge into a single ban! 
i again, is only apparent. It depends on the absorption 0 
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r iiy Fig. 8. Southern Milky Way over Alatau Mountains 
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light in the dust medium concentrated mainly in ui Fe 


orial plane of the Galaxy. The Galaxy is so larg n. 


that it takes light, travelling at a speed of 300,000 km, se, pec: 


close to 100,000 years to cross the Galaxy from one ent ers 
to the other. For the sake of comparison let us note that’ alon 
light covers the distance between the Sun and the Eany 
(150 million kilometres) in only 8 minutes and 22 second = 
` Our Galaxy numbers about 150,000 million stars, Th 
distance between them increases the further they are te 
moved from the centre around which all stars slow] 
revolve. For example, our Sun, which is 30,000 light yea, Ma 
away from the Galactic centre, makes one full revolutig, [© 
around it in approximately 250 million years. 

The time required by the Sun to make a full revolutig, | 
around the Galactic centre has been accepted as a Galacti | 
or cosmic year. On the basis of modern research the ag H 
of our Earth is set at 3,500-4,000 million years. It may b Wa. 
assumed that the entire planetary system is as old. The | 
Earth is, consequently, about 15-16 cosmic years old; if 
other words, during the existence of the Earth and tha |7 
of the other planets our Sun has already made 15-16 rey. | 
olutions around the centre of the Galaxy. 

Within our Galaxy the stars form closer groups; ven 
frequently a group includes stars similar in their physica | 
properties. In the first place we must mention the vas f 
groups of stars, the so-called flat and spherical sub ° 
systems, studied in detail by Soviet astronomers B. Kukar: 
kin and P. Parenago mainly by the properties of thi 
variable stars they contain. The flat subsystems are ar 
ranged chiefly in the Galactic plane and consist of relative gas 
ly slow-moving stars (the stars in the spherical subsystem’ wh 
show a much greater variety of speeds). In addition, we tho 
know the so-called Galactic clusters of stars locate ( 

mainly in the central region of the Galaxy, near it Pr 
equator, and globular clusters made up of hundreds dy dor 
thousands of stars and surrounding the Galaxy at a com arc 
siderable distance from its centre. If you imagine yoursel SYS 


equat 
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n th inside such a globular clusters you will find the entire sky 
larg, covered with numerous stars which look very bright 
11/ see pecause of their relative proximity. In the globular clust- 
e en ers the stars move about a common centre of gravity 
> that along elliptic orbits with very long periods. No dust or 


Fig. 9. Spherical accumulation 


tive gaseous interstellar matter is visible in these clusters 
tem While their stars have the same physical properties as 
, we those in the other regions of the Galaxy. — 

catet Of considerable interest from the point of view of the 
r it, Problem of life in the Universe are the close systems of 
is d, double or multiple stars which, as a rule, revolve jointly 
con around a common centre of gravity. The number of these 
rsell Systems is very large, but many of them are hardly distin- 
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guishable because they are too far from us and the Stan knOV 
composing them are too close to each other. Very man even 
double stars cannot be distinguished in the telescope al chi, | 
all because the two stars composing them are too clog. despi 
to one another; their duality is discovered only in spectra¢th | 
observation because of the division of the spectral] linereye, 
due to the unequal motion of the component stars alon and | 
the line of sight; these are the so-called spectroscopy caus 
binaries. In some spectral-double systems the stars a, 
so close to one another that in each of its revolutions th, f 
satellite eclipses the chief star and the brightness of th 
whole system alters for the terrestrial observer. The 
systems are known as eclipsing variable stars. 

The study of the closest vicinity of the Sun, for example 
the stars relatively not very far removed from it, namely 
within the sphere with a radius exceeding the distance be. 
tween the Sun and the Earth a millionfold (this consti. 
tutes about 16 light years) leads to very interesting in, 
ferences. Within this sphere there are 42 stars including’, sm 
the Sun. The nearest star to us, « Centauri located in the cove 
southern hemisphere of the firmament does not greatly of th 
exceed the Sun in brightness and is a double star. Sirius This 
the most brilliant, in its apparent brightness, star in the jy t 
sky, is also one of the nearby stars. Sirius has a satellite simil 
which belongs to a special group of stars, the so-called by R 
white dwarfs, distinguished for their small size and enor cons 
mous density. The mass of Sirius’ satellite approximately exce! 
equals that of the Sun, but its density is 30,000 times a qt 
great as that of the Sun. The other relatively bright stal mark 
within the same sphere—the Procyon—is 6 times as brigh! sions 
as the Sun and is also a double system. Most of the re joint 
maining stars, located in the closest vicinity to the Sun more 
are much weaker than the Sun in actual brightness. They an o 
are mostly small red stars with a surface temperature oh temp 

2,000-3,000 degrees and their radiation is hundreds ant yexce, 
even thousands of times as weak as that of the Sun. None its o 
theless, many of them are double (11 double stars art 
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stad known in the sphere of the indicated radius) and, perhaps, 
nan even more complex systems. Such are the stars 70 Ophiu- 
e a chi, 61 Cygni, 60 Krüger and others. The 61 Cygni, which 
Clog, despite its proximity to us appears as a weak star of the 
ctra 6th magnitude and is barely discernible with the naked 
linereye, really consists of two stars nearly equal in brightness 
long and close to one another. This star is also interesting be- 
COpie CAUSE Holmberg and Strand have quite recently discovered 

are 
S the f 

the 
“hese 


nple, 
nely, a 


e he. 
nsti- Fig. 10. Multiple star (orbital motion in the system or 
zi the double star Krüger 60, 1908-1920) 

n 


ding’ a small invisible satellite near it. They happened to dis- 
1 th cover it by the small periodic deflections in the motion 
eati of the chief star which the satellite causes by its gravity. 
rius This invisible satellite was more fully studied by A. Deutsch 
à the in the Chief Astronomical Observatory at Pulkovo. A 
llitt similar invisible satellite of the 70 Ophiuchi was discovered 
alled by Rayleigh and Holmberg. The masses of these satellites 
nOr constitute only 2-3 per cent of the mass of the Sun and 
ateli exceed the mass of Jupiter only 10-20-fold. 

S a Tt should be noted, in accordance with B. Kukarkin’s re- 
stal mark, that if there are really two planets of such dimen- 
‘igh! sions as Jupiter and Saturn in the system of 61 Cygni, their 
> TÈ joint action could produce the same effect as that of one 
Sul more massive body. At any rate such a satellite cannot be 
They an ordinary star because with its insignificant mass the 
e ol, temperature of its surface could under no circumstances 
ant exceed several hundred degrees which is not enough for 


om its own luminescence. Guided by purely physical consid- 
ar 
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prove that such small bodies cann 


erations we can also ad The 
a reces of nuclear energy, i.e., cannot be stan 

contain sources Pee uld simply have to disperse. wides 

because otherwise they l recen 


space. 
As G. Idlis has shown, th 
in a stable state must be lar 
of the Sun. 
Thus, by studying 
the Sun and by consi 
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the stars in the closest proximity q 
dering them typical representatives 
the stellar population of our whole Galaxy we come stars, 
very important conclusions. Firstly, most of the Stakuipe 
form close double or multiple systems and, secondly, 4. the 
can be expected with a considerable degree of probability ass 
small dark bodies, which are real planets and which Ca mass 
shine weakly only by receiving light from their SUNS, istar s 
volve around many stars. It goes without saying that tifor e 
discovery of these small bodies is connected with gre doubl 
difficulties, and only the most massive planets of eVe divisi 
the nearest Stars can be discovered by modern astronome 
nomical means. It may be pointed out that Jupiter, thipati 
largest planet of the solar system, has 1,047 times as Smithe ¢ 
a mass as the Sun and the periodic gravitational deflectit dozer 
of the Sun produced by its gravity could, therefore, haand t 
been in no way discovered by the modern means (poner 
research even from the star nearest to us. It would tput r 
impossible to see Jupiter through the most powerful uAlrea 
to-date telescopes because even from the « Centauri of on 
would appear as a celestial body of the 26th stellar mahas a 
nitude, i.e., several hundred times as weak as the weakéKuipe 
stars accessible to the most powerful modern instrumeén'great 
Besides, being at so close an angular distance from ihdoubl 
Sun, Jupiter would be lost in its rays. But the fact thof ce 
planets, though much more massive than those in “origir 
solar system, have been discovered with the nearest stë Th 
despite all these difficulties leads to the conclusion thi less ¢ 
generally, very many stars in the Universe have planetil'stars, 
systems. tion « 
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anng The conclusion that double and multiple stars are very 
Star widespread in the Galaxy finds confirmation in G. Kuiper’s 
Sei scent detailed study. On the basis of all factual data on 
o visual and spectroscopic binaries now on hand Kuiper 
" stilsgferred that the minimum number of double and multiple 
Masetars in our Galaxy constitutes at least 80 per cent of all 
the stars in the Galaxy. This means that of every 10 stars 
ity (taken at random eight form part of a double or multiple 
ves q system. Jn addition, a triple star is counted as two double 
ne ttars, a quadruple—as three double stars. Furthermore, 
Stan yiper finds that the mass and brightness of the satellite 
Y, tin the double-star system do not essentially depend on the 
bilit nass and brightness of the main component; hence, the 
Ca nass and brightness of the component stars in the double- 
S, star systems must be considered absolutely independently 
at theor each of them. It must, therefore, be concluded that 
Sle gouble stars cannot, as a rule, originate as a result of the 
€Vegivision of one formerly existing star with a great angular 
astt¥momentum. This conclusion is also warranted by the fact 
, ththat in case of the division of one star into two components 
SMithe distance between them could never exceed several 
ectiqgzen astronomical units (i.e., distances between the Sun 
_ haand the Earth). Only the closest pairs, in which the com- 
nS (ponents nearly touch, could have formed by such division, 
ild tput not everything can be explained even in this case. 
ul Already Jeans demonstrated theoretically that the division 
uri of one star into two components is impossible if this star 
' mathas a heterogeneous structure. In addition, it follows from 
eakëKuiper’s study that both the visual, i.e., double stars with 
mentgreat distances between the components, and the spectral- 
n tdouble, i.e., close stellar pairs, essentially form one class 
t thof celestial objects and, therefore, both are of the same 
n origin, 
t stal The conclusion that the stars form, as a rule, more or 
1 thtless close pairs and that only very few of them are single 
neialstars, like our Sun, is of great importance to the considera- 
tion of the problem of life in the Universe. The fact is that 
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planets can have simple, close w circular, orbits o 
when there is a single centre of gravity, i.e., in a sing ona 
star system. The planets in a double, or even more comp. A 
system of close stars, must describe highly complicat hese 
curves around some common centre of gravity, Ms 
sharply differs from the situation in our solar system, Trot i 

` Earth and the other large planets revolve about the 
in almost circular orbits, which ensures them a more ee 
less constant source of solar radiation on their surf, eae 
But if the Sun were a double system, the planetary Ot drog 
would be so complicated and the distances between {iheir 
planets and the Sun could change so considerably t exter 
sharp fluctuations in the radiation reaching the surface to th 
the planets would be inevitable. E. Strömgren and | of y 
associates have computed numerous very complex tra} stars 
tories of planets of a stellar pair in which the mass of¢ jions 
star is ten times that of the other star, while the pla o¢ , 
revolving in this system has an absolutely insignific som, 
mass and itS gravity cannot affect the mutual motions’ have 
the stars. It is, thus, obvious that for life to be possible only 
planets it is extraordinarily important that these pla thou 
be connected with a single and, by no means, with and, 
multiple star. mic 
It has already been pointed out that the ability toe very 
-atomic energy is a characteristic property of everys Or 
The atomic reactions, which take place in the stars: stars 
are connected with the penetration of protons into mode 
nuclei of the heavier elements, depend to a great exlof m; 
on the temperature in the centre of the given Star, 1.4, evol 
the energy of the motion of the atoms of gas. But ther At 
tral temperature of gaseous spheres in equilibrium iSfa cor 
portional to the mass and inversely proportional tois m 
radius. It is, therefore, inevitable that the more mas temp 
stars emit more energy per unit of mass. With the inctivaria 
in the mass of a star the amount of energy produced —— 
gram of substance sharply increases. If, for exampltivariat 
star has a mass ten times that of the Sun, its radiatid! the ct 
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S o on the whole, 10,000 times that of the Sun. The massive 
Sing stars also have a higher surface temperature, which runs 
omp] jnto many thousands of degrees. There are quite many of 
licati these stars, for example, in the constellation of Orion and 
Tiin some other regions 
m. óf the sky. The radia- 
ne § tjon of these stars is so 
Note great that even the 
Surfa transformation of hy- 
Y Oh drogen into helium in 
een itheir interiors cannot 
ly textend their existence 
race +9 thousands of millions 
and | of years. Such massive 
tra stars can exist only mil- 
S Of tlions, but not thousands 
> Prof millions of years. 
rifts Some of them could 
tiosfhave come into being 
sible only several hundred 
pla thousand years ago 
with and, thus, from the cos- 
mic point of view are 
toe very recent formations. Fig. 11. Possible orbit of asteroid in 
ry $ Only relatively small relation to two centres of gravity 
tars ¢ stars, like our Sun, with 
into moderate radiation can exist long without a substantial loss 
t exl of mass. This is of tremendous importance to the origin and 
, |e evolution of life on the planets revolving around such stars, 
thet At the same time it must be remembered that there is 
1 isfa considerable category of stars in an unstable state which 
l to'is manifest in the changes in their sizes, as well as in 
mastemperature and radiation.! If our Sun were a physically 
Table star and the intensity of its radiation changed by 
aa 1 All stars, whose apparent brightness changes, are called 


~ + Variable in the broad sense of the term. Not in all of these stars is 
jatio the change in brightness connected with a real increase or decrease 
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at least 50 per cent in either direction from its mean 
temperature on the Earth’s surface would constan 0) 
fluctuate within 60°C, which would hinder the deva jts ré 
ment of life. The so-called novae belong to a special o strea 
of variable stars.t For some reasons, not quite clear COP" 
yet, the brightness of such a star suddenly increases ae 
100,000-fold in a few hours, its entire outer shell begi di 
stormily to expand and be ejected into space as a r ‘matic 
of an internal explosion, enveloping the blazing star nee! 
vast cloud of rarefied gas. These phenomena are obser, de 
in our Galaxy several times a year. Flashes of m Meha 


shorter duration and of lesser significance are also co T 
times observed in dwarf stars surrounded by a vast pac ons 


ous shell, when the general brightness of the star increases 


10-20-fold within a few hours. These are, however, Talhetabl 
rare phenomena in our Galaxy. ie 


5 : an . force: 
in their brightness. There are so-called eclipsing variable stars, Th, .4; 
are close stellar pairs in which the satellite, revolving about petic 
chief star, periodically eclipses it. This causes a change in the ap stars 
ent brightness, though there is, certainly, no real change in ispace 
brightness (amount of energy radiated). C 
The stars, whose brightness changes periodically or nonperi í 
cally by force of internal physical causes, are called physic stanc 
variable stars. The Cepheids form a special class of these stwhen 
The brightness of each Cepheid star changes strictly periodic 
but these periods differ with different Cepheids (from a few po SPect 
to many weeks). In size and brightness all Cepheids are giant :Specti 
supergiant stars, but it has long since been established that eclips 


_longer the period of change in the brightness of a Cepheid the Bret oe th 


its brightness. 
According to modern views the fluctuations in the brightithe c 
of the Cepheids are produced by periodical pulsations of thwhict 
stars due to internal physical causes. In these cases the size‘ 
brightness of the star change. (Editor’s note.) comn 
4 At one time it was believed that in their evolution all gous 
must flare up as novae. It followed that the Sun would also spect 
to flare up in time. The study of the physical nature of stars nt 
shown the erroneousness of this assumption. Only stars of a ceni en: 
type can flare up as novae and these flare-ups can recur periodicinters 
The Sun does not belong to this type. It is a stable star ant due t 
physical state is not subject to any considerable change. Fe 
stable state of the Sun will, undoubtedly, last for many more Ù Very 
sands of millions of years. (Editor’s note.) th 
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ani of much greater importance is the fact that along with 
Stans regular radiation, which is propagated in the form of 
Velo sreams of light and heat, each star produces streams of 
W corpuscles, i.e., it also possesses corpuscular radiation and, 
T asonsequently, constantly loses in mass in the process of 
Neath development. This conclusion grows out with mathe- 
i matical necessity from the comparison of the principal 
| Tes, regularities in the structure of stars, established by 
ar i modern astrophysics, and is also confirmed, as A. Mase- 
Sen vich’s painstaking calculations have shown, by the theory 
MU of the internal structure of stars. In massive stars the 
Sot constant ejection of mass and, especially, separate explo- 
 8%-ions, can be observed directly. Academician G. Shain 
Crea has demonstrated that some giant stars are in an un- 
Tali¢able state though no intensive explosions occur in them. 
Their external shell is almost completely retained by 
forces of repulsion, which are probably of an electromag- 
a netic nature, and is, therefore, as it were, weightless. These 
e ap Stars constantly lose substance which goes into interstellar 
in ispace. 
ape,  COrpuscular radiation, i.e, the outflow of the star’s sub- 
hysieStance into its environment, is particularly easily observed 
se stwhen the star has a close satellite, as is the case with the 
ww p Spectroscopic binaries. Very well known is the ĵ Lyrae 
iant:Spectroscopic binary with its close satellite, which partly 
that eclipses the chief star during each revolution. An analysis 
ee of the change in the § Lyrae’s spectrum has shown that 
rightthe chief star constantly emits a powerful stream of gas 
of which partly envelops the satellite and partly enters the 
common gas ring surrounding the whole system. Analo- 
all “gous phenomena have been discovered in all massive 
lso Fspectroscopic binaries. All of them, as observations show, 
a ceintensively lose their substance by emitting it into the 
ioditinterstellar space. This phenomenon is at least partly 
oa ue to the fact that the massive stars, as a rule, rotate 
ore ttVery rapidly around their axes. The rate of rotation at 
the equator frequently reaches 300, 400 and even 500 kilo- 
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metres per second. The fast rotation, during which à 
| siderable centrifugal force is developed, causes the 
| sion of substance chiefly at the equator of the star 
the emitted substance arranges itself mainly in the 
of the equator, as it is in many cases observed, 

It may be thought that corpuscular radiation is a Benestars 
al natural phenomenon, but it occurs very Vigorously E 
all massive and hot stars and much less vigorously intin a ¢ 
weaker stars. For example, this phenomenon is uncothe n 
monly weak in the Sun, which has long SINCE reache clude 
stable state and has hardly changed its mass in the |, and, 
one thousand million years. In addition, it has been ler st 
tablished that corpuscular radiation is, generally speakia hig 
proportional to ordinary light radiation. On this basis ;very 
can picture purely theoretically the distribution of gs arour 
according to their luminosity, masses and temperatu, small 
which is actually observed and is known as the luminoy ert 
temperature diagram establishing a relationship betws lower 
the spectra of stars and their luminosity. the | 
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Fig. 12. Diagram of matter emission in the system of mom 
B Lyrae 
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aq This diagram has been 
> en considerably supplemented 


T, ain recent years by P. Pa- “4 


> Parenago and B. Vorontsov- 
‘Velyaminov. Most of the 
Sttestars in our Galaxy are 
Usly arranged in this diagram 
‘invin a definite row known as 
Uncy, the main sequence. It in- 
Chejcludes the more massive 
he Land, consequently, bright- 
ener stars which also have 
eakiia higher temperature and 
sis;very high rate of rotation 
f s:around their axes. The 
atu smaller the mass, the less- 
noer the luminosity, the 
etwelower the temperature and 
the slower the rotation. 
This is particularly well 
seen in the investigation 
of stars belonging to the 
same cluster in which all 
stars are, practically, equi- 
/ distant from us. The stel- 
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Fig. 13. Brightness-temperature 
diagram 


lar clusters of the Pleiades, Hyades, Praesepe, etc., are a 


good example of this. 


The correlations between the physical properties of stars 
can be explained theoretically on the basis of the phenom- 
enon of corpuscular radiation. It appears that in the 
process of its development each star must necessarily 
move along the curve of the main sequence in the direction 
of smaller mass and slower rotation. This slowing down 

(| in rotation, which occurs in the course of stellar evolution, 
/s due to the fact that by corpuscular radiation the star 
along with its matter also loses part of its angular 
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BY It should be noted that at its origin a star must i 
i | necessarily have a big mass. On the contrary, as the stu 
1) | of separate Galactic clusters shows, for example, th 

cluster of the Pleiades, where for several bright an dh 

stars there are a few hundred weaker ones, stars n 
have different masses from the very outset. Neverthele 
the further evolution of the star always proceeds jp i 
direction of smaller mass and lower temperature. 

If we consider the history of the development of a 
Sun, which is a very old star, in the light of these ide 
we may come to the conclusion that it was formed Sever 
thousand million years ago, that it originally had a ma 
several times as large as that of today and that it rotate 
very fast. We may assume that the planets were form 
at about the same time as the Sun and that they q 
approximately as old, their age being several thousy 
million years. The evolution of the Sun should, at t 
same time, have conditioned the evolution of the planeta, [R= 
system as a whole. As a matter of fact as the solar my } 
diminishes the force with which the Sun attracts tt 
planets also diminishes. Besides, as Jeans has shown, it 
product of the mass of the Sun by the radius of t 
planet’s orbit must remain constant; in other words, | 
times long past the linear dimensions of the solar syste 
were as much smaller as the mass of the Sun was larg 
This fact is also of great importance in the study oft 
conditions of life on the planets during the long peri 
of their evolution. For our solar system, however, th 
change in the last one thousand million years of Í 
existence has been absolutely insignificant, since the mi 
of the Sun has suffered very little change during this tim 

However, for the more massive stars, whose mas 
change much faster, the sizes of the orbits of their pos 
| ble planets are far from constant. At the same time t ) 
by | thermal conditions on the planets themselves must chat: 

to a much greater extent. 


72 


T CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar Í 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


Fig. 14. Stellar accumulation of the Pleiades surrounded 
by a dust nebula 
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As a matter of fact, the change in mass is Paralleleg , 
a change in the total stream of radiant energy Q, emit, cen 
by the star and is proportionate to the fourth Power i the: 
its mass. The amount of energy E that falls on a Unit f 
the planet’s surface also changes in inverse Proportion 4. ext 
the square of its distance from the star. 0 to] 
Thus r n 
Eee, bet 
= are 
But, since according to the aforesaid > { 
or 
QNM, r~ Me, sm 
tim 


we get that the extent to which the planet is heated by is pla 
central body, the star, is at each given moment propo. the 
tional to the mass of the star raised to the sixth Powe, the 
But the temperature of the planet’s surface under cond. Thi 
tions of thermal equilibrium will be proportional to the; tho 


mass of the star raised to the 3/3 power. tho 
eve 

eer? ste 

i dis 
If, for example, the mass of the star changed by only sor 


20 per cent the mean temperature of the planet wouli cid 
have to change by nearly 30 per cent. If our Earth were 
under these conditions its mean temperature, which equals 
approximately 290° abs, would drop to 203° abs, i.e., insteal the 

of -17°C it would become —70°C, G 
This change in temperature would have been unfavoura 
ble to the development of life on the Earth, and this influ the 
ence would have made itself felt in the slightest change in tHo 
the mass of the Sun. It, therefore, follows that the exist: 
ence and development of life on any planet for a long time sup 
is possible only if the planet has been revolving abouti, tha 
star which has been in a stable state for thousands of mi tha 
j lions of years. The Sun is precisely such a star, but most df 
the bright, hot and massive stars have come into being! not 
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cently and they cannot, apparently, have planets where 
there could be life. 

As we have already mentioned our Galaxy with its 
extension of approximately 100,000 light years has close 


~to 150,000 million stars. This number of stars in the Galaxy 
‘seems extraordinarily large, but it is really very small as 


compared with the volume of the Galaxy. The distances 
between the stars are enormous, but the sizes of the stars 
are insignificant in comparison with these distances. This 
is the characteristic feature of our stellar system. Thus, 
for example, the diameter of the Sun is about 200 times as 
small as the diameter of the terrestrial orbit! and 7,600 
times as small as the diameter of the orbit of the farthest 
planet in the solar system (Pluto), but at the same time 
the diameter of the Sun is 52 million times as small as 
the distance from us to the nearest star—a Centauri. 
There are stars which exceed the Sun hundreds and even 
thousands of times (and in volume even millions and 
thousands of millions of times) in linear dimensions, but 
even their sizes are negligible compared with the inter- 
stellar distances. That is why even with the most chaotic 
distribution of the stellar velocities the probability that 
some star may pass very close to our Sun or, at least, ac- 
cidentally go through our planetary system is extremely 


i The amplitude of the star sizes is very big. At the same time 
the amplitude of the stellar masses is not so significant. Some stars 
(e Aurigae, VV Cephei) are larger than the Sun thousands of times 
in diameter and thousands of millions of times in volume. But the 
mass of such stars is only several dozen times as great as that of 
the Sun. Their substance is extraordinarily rare—its density is 
thousands and sometimes millions of times as low as that of the 
earthly atmosphere. 

The so-called white dwarfs are the exact antithesis of the 
supergiant stars. Their sizes are comparable with those of the 
planets in the solar system. Sirius’ satellite, for example, is smaller 
than Uranus and Neptune, while some white dwarfs are smaller 
than the Earth. But the mass of the white dwarfs corresponds to 
that of the Sun. Their substance is sometimes tens of thousands 
ee as dense as the heaviest elements on the Earth. (Editor’s 

ote, 
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small. According to Jeans’ calculations, with the preg, 
structure of our Galaxy the passage of any Star close : 
our Sun may be expected only once in 1017 years, gj ! 
our Galaxy, as well as our Sun, is approximately 109 Year lik 
old this may occur only with one star out of 100 Million thy 
throughout the existence of the Galaxy. lei 

About fifty years ago the famous scientist Henri Pome 
caré deemed it possible to compare our Galaxy With 4 ste 
cloud of rarefied gas in which individual molecules play the ai 
part of stars. In an ordinary cloud of gas the relationship, ch 
between the molecules are determined by the laws of gas thi 
dynamics and, in the first place, by the law of equa al 
distribution of the kinetic energies among the Molecules ac 
of different masses. But our Galaxy is built differently thi 
The action of irregular forces on the stars is negligibly sté 
small because the stars hardly ever come close to each sh 
other. Thus, the real structure of the Galaxy does no thi 
even approximately correspond to the state of equilibrium, is 
in which Maxwell’s law of distribution of velocities works’ is 
We may, therefore, be sure that once the planetary ce 
system has formed it will not suffer the catastrophe o sp 
a close passage of an extraneous star which may sharply an 
change the planetary orbits or even fully sever them from qu 
the Sun. ge 

In his book La fin du monde C. Flammarion discusses m 
the problem of the possible causes of cessation of life om ni 
the Earth in the future. He speaks of the possible meeting PC 
of the Earth with a comet, of the cooling of the Sun ani ™ 


of the Sun’s collision with another star. or 
None of these assumptions have any basis in fact. The é 
Earth has met with comets and has even gone through 7 


their tails with no ill aftereffect many times in its history. 
The Sun cannot grow cold because its radiation is sup 
ported by nuclear reactions—transformation of hydrogeiy 
into helium, Because of the abundance of hydrogen in the ¢ N 
Sun and the insignificance of the Sun’s radiation these 1¢ tt 


actions will continue many more thousands of millions 0 


€ 
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years. Last but not least, as has just been pointed out, not 
only a collision, but even a close meeting with another 
star is actually impossible. However, our planetary system, 
like those of other stars, must have repeatedly gone 
through rarefied gas and dust clouds frequently encoun- 
tered in the interstellar space. 

In 1904, Hartmann discovered, in the spectra of the hot 
stars, so-called, stationary lines belonging to ionized cal- 
cium. According to their nature these stars cannot be 
characterized by such lines; besides, it was established 
that the newly discovered lines did not move with the 
motion of the stars along the line of sight determined 
according to Doppler’s effect. It was, thus, laid down that 
these lines belonged to interstellar gas rather than to 
stars. A detailed study of the interstellar environment has 
shown that it abounds, primarily, in hydrogen, which is 
the most widespread element in the Universe, though it 
is rather hard to discover. In the vicinity of our Sun there 
is an average of 2-3 atoms of hydrogen for every cubic 
centimetre of interstellar space. Helium, another gas wide- 
spread in nature, is present in only one-tenth this 
amount. The other elements are represented in even lesser 
quantities. All in all, for every thousand atoms of hydro- 
gen in the interstellar environment there are approxi- 
mately 100 atoms of helium, 10 atoms of oxygen, carbon, 
nitrogen and neon taken together, 2-3 atoms of iron, 
potassium, calcium, silicon, magnesium, and other ele- 
ments. Such are the quantitative proportions of the vari- 
ous elements in the Universe. As the analyses of the chemi- 
cal composition of the stellar atmospheres and planetary 
nebulae have shown the same proportions obtain there, 
too. 

Thus, the density of the substance in the Universe is 
determined, primarily, by hydrogen which is the most 
widespread element, quantitatively greatly exceeding all 
the other elements taken together despite the fact that 
throughout the existence of the Galaxy there has been a 
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constant and irreversible process of formation of ve 


stable atoms of helium at the expense of the diminish, : 
number of atoms of hydrogen. £ i 

In connection with this we should mention the followin, i 
interesting circumstance. A normally formed cosmic hots i 
with a sufficient mass and composed of various Elements Foe 


in the above-mentioned proportions at a temperature suit! 
able for the existence of life must be made up near] 
exclusively of gaseous substance. The chemical elements th 
which at the temperature required for organic life are it 
a solid state and can form the surface of the planet, ate 
contained only as insignificant admixtures. This aspect 9 w 
the question will later be treated in greater detail, A th 
The interstellar substance in the gas and dust nebula m 
is noted for its absolutely insignificant density; thus in th c 
vicinity of our Sun it constitutes approximately 3x10 he 
gm/cm®, i.e., one gram of substance per volume of 3y ti 
million cubic kilometres. However, the total mass of thi o1 
substance in the volume of the entire Galaxy is approxi 
mately of the same order as the total mass of all the stas st 
It should be remembered that interstellar matter is distrib. pi 
uted in the Galaxy extremely unevenly. The intensie w 
turbulent motions, which result from considerable velot 
ities, create great “overfalls” of densities. At any rate L 
direct observations show that in the Galaxy there is: a 
large number of diffuse gas clouds separated by consid ul 
erable intervals. According to the approximate estimate m 
of V. Ambartsumyan, S. Gordeladze and P. Parenago ther It 
is one such nebula per volume of a cube with a rib of abo c 
2 million radii of the Earth’s orbit (close to 32 light years) 1 
Very often, as Academician G. Shain and his associate SI 
have shown, the mass of such a nebula is many times # ct 
great as that of the Sun. Stars are frequently observed in if 
these nebulae which have either formed from the sub, Ví 
stance of the nebulae or are of the same origin with them p! 
Particularly interesting is the well-known Nebula of Orion 
almost visible with the naked eye. The mass of the entift 
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f Vex substance connected with this nebula in the form of gas, 
Nishin; dust and, perhaps, some bodies of prestellar nature con- 
stitutes at least one million solar masses and by far 
lowing exceeds the mass of stellar cluster which centres with 
c body ihis nebula and largely consists of stars, apparently, re- 
ements cently originated from the same environment. 
Ce Suit Though the mechanism of star formation is not as yet 
Near, fully known, in a number of cases it can hardly be doubted 
Ments that the stars must form from an originally diffuse medium 
are jy with an admixture of solid particles of dust playing an 
et, a; important part. As a matter of fact, the dust particles, 
ect ¢ whose temperature should be much lower than that of 
the surrounding gaseous environment, serve as a powerful 
ebulg means of cooling the nebula; besides, owing to their 
in th extensive absorbability they screen the nebula from the 
xl0~ heat of the neighbouring stars. This aids in the condensa- 
of 30) tion of the nebula with the subsequent development of 
of th ordinary stars from these condensations. 
proxi. Due to the great volume of the gas and dust nebulae the 
stars stars, including our Sun, moving in the Galaxy, may re- 
listri peatedly enter the nebulous medium. The question is: 
ensiw what can we expect in such cases? 
veloc. Some foreign scientists, as, for example, Hoyle, Bondi, 
rate Lyttleton and McCrie studied whether it was possible for 
2 ig; a passing star to seize substance from the surrounding neb- 
onsid ula and whether the star could considerably increase its 
mate mass and acquire additional hydrogen and other elements. 
there It was supposed that under those circumstances the star 
abou could become “rejuvenated,” as it were, and that it should 
fears) move up along the curve of the main sequence on the 
ciate © Spectra-luminosity diagram. The aforesaid scientists have 
jesa Come to the conclusion that this process may occur only 
zedin if the star has a large mass and approaches the nebula 
sub, Very slowly. To all intents and purposes, however, this 
then \ phenomenon may be considered absolutely impossible. As 
Orif has been shown by G. Gurzadyan, each sufficiently actinic 
enti star repels on its way the atoms of hydrogen by its radia- 
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tion; V. Safronov has found that all Stars with a Surfa, 
temperature of about 8,000°C and higher repel fine aa Th 
with greater force than they attract it. This was also co sibili 
‘only 


Fig. 15. Nebula “America” It 

in tk 

firmed by various observations on which we do not havt the » 
! to dwell here. Generally speaking, no direct encounter ù \of t 
| a star with separate molecules or particles of a nebulif acec 


could be of any significance even if this did actually occut the 
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wT That is why even the scientists who propound the pos- 
ae ipility of star “rejuvenation” believe that this can occur 
oy nly indirectly: by its gravity a star distorts the paths of 
passing particles and makes them condense in its rear part 
i= hence these particles colliding with each other and losing 
[meir kinetic energy finally fall on the star. 
| But even this explanation would fit in the case of the 
dust particles capable of inelastic collisions with a loss of 
4 kinetic energy only if the star penetrated the nebula suf- 
My ficiently slowly. But any outside star originally unconnect- 
| ed with a nebula must inevitably gather speed because of 
Í| the gravity of the nebula. Similarly any particle falling on 
the Earth must reach the Earth at the rate of at least 11.3 
km/sec, which is its speed created by the gravity of the 
Earth; at the same time any body on the Earth must gain 
a velocity of at least 11.3 km/sec in order to leave the 
Earth and go into interplanetary space. 
< If the star moves at a very slow rate with respect to 
?the nebula it must be genetically connectel with it. In 
this case the star most probably developed in the bosom 
of the nebula and did not find itself in it as a result of 
accidental passing. 
On the other hand, the question is: during the passage of 

J our Sun or some other star surrounded by a family of plan- 
a| ets through a nebula can the radiation falling on the sur- 
gui face of the planets noticeably weaken because the light of 

| the star is absorbed by the nebula? Such weakened radia- 
tion may result in a change of the living conditions on the 
planets. Some scientists connected the glacial periods in 
the history of the Earth with such accidental passages of 
the Sun through dense cosmic clouds. 

It should be mentioned that, though no systematic change 
in the intensity of solar radiation can be established during 
hay the past geological epochs, the temperature on the surface 
er 0 iof the Earth changed many a time. Thus, for example, 
ebul according to Brooks, glaciation in the past occurred on 
ecu! the Earth during the Cambrian period (about 400 million 
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Fig. 16. Nebula in Orion 
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s d ears ago), then at the very end of the Carboniferous and 
during the Permian periods and, finally, during the Plio- 
cene and, especially, the Pleistocene epochs. On the other 
f hand, the end of the Permian period, the Cretaceous period, 
kihe beginning of the Eocene and the Miocene were noted 
‘ror their moderate climates. During the Silurian and De- 
yonian periods and during the greater part of the Carbon- 
iferous, as well as the Triassic and Jurassic periods, and 
later during the Eocene and Oligocene the Earth had a 
warm climate. 

Thus, in the last 400 million years of the Earth’s history 
its climate changed quite sharply and without any regular 
periodicity. But a simple calculation shows that these 
changes in the climate could nct have resulted from the 
passage of the Sun through cosmic clouds, since direct 
absorption inside the interstellar cloud all along the radius 
T of the Earth’s orbit is too insignificant. Besides, the ap- 
| pearance of the glacial period is connected primarily with 
the sharp increase in the condensation of moisture in the 
Earth’s atmosphere and its precipitation in the form of rain 
and snow. On Mars, for example, there is no glacial period 
simply because there is too little water and there is nothing 
to freeze though the temperature of this planet is much 
lower than that of the Earth. 

Considering that the periods of glaciation on the Earth 
coincided with those of intense mountain formation and 
general tectonic faults always connected with a sharp in- 
tensification of volcanic activity it appears much more 
probable that in this case the principal factor was the 
systematic addition of fine volcanic dust to the Earth’s 
atmosphere which resulted in weaker solar radiation on 
the Earth’s surface and at the same time in a sharp in- 
crease in the number of nuclei of condensation required 
Ii for an intense formation of rain. 

_ Thus, as far as we can judge, the familiar sharp changes 
in the climate of the Earth, which strongly affected the 
_ development of organic life on it, were due to internal, 
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Fig. 17. Nebula in Unicorn 
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| mainly tectonic, causes and not at all to any changes in 
the Sun itself or to the action on it of diffuse nebulae, 
through which our planetary system has passed in the 
course of its long existence. 
N But though the gas and dust clouds do not noticeably 
\/ affect the stars themselves or the planets by which they 
are surrounded they may influence the change in the 
velocity distribution in the Galaxy, causing, for example, 
the expansion of separate stellar clusters. 
` There may be a similar question of the possible results 
of dust and gas clouds meeting each other. These phe- 
nomena are inevitable at least because such clouds, unlike 
stars, have very large volumes compared with their mutual 
distances. Oort investigated this problem and came to the 
conclusion that during the meeting of the clouds matter 
is considerably heated, hydrogen and other atoms notice- 
ably ionize, dust particles evaporate and, thus, cannot 
grow into larger bodies. According to modern data the gas 
and dust clouds must meet on the average of once every 
5-10 million years. 

This process of collision of gas and dust nebulae is of 
essential importance to the problem under consideration 
if it occurs on a larger scale between neighbouring 
galaxies. 

Modern means of research enable us to trace the loca- 
tion of extra-Galactic nebulae, i.e., outer galaxies all the 
way to distances of 500 million light years. In the sphere 
described by this radius there are at least 100 million 
galaxies, divided into three principal types—elliptic, spiral 
and irregular. There are also galaxies of the three types in 
the direct vicinity of our stellar system. Our Galaxy be- 
longs to the spiral category like the large extra-Galactic Neb- 
4) ula of Andromeda located 2 million light years away. This 

| nebula has two satellites which are elliptic galaxies. Our 

í Galaxy also has two satellites of the category of irregular 

galaxies. These are the well-known Magellanic Clouds first 
discovered by Magellan during his round-the-world voyage. 
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The structure of the Nebula of Andromeda hardly gj fer a. 
from that of our own Galaxy. It is also a flat formation vil YY 
a very much brighter central nucleus around which 4, '<!. 
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Fig. 18. Central part of the Nebula of Orion 


nebula revolves at different speeds depending on the dis 
tance from the centre and with a total period of revolutia 
of about 200 million years. In the spiral branches of th 
Galaxy of Andromeda there are mainly very bright al 
massive stars with a high temperature; these branches, 
therefore, have a more bluish colour compared with th 
central regions. Numerous clusters of stars quite an 
gous to the stellar clusters in our Galaxy can also be 0 
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Fig. 19. Dark nebula in Scutum 
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served in the Galaxy of Andromeda; there are regy 
irregular variable stars and extended gas and dust n 
as well as long, dark “‘glades” filled with light-absor}; C 
dust matter. The only difference between the Neh In jnter! 
Andromeda and our Galaxy is, as has recently becom pesid 
Me fees di i ‘ine ~~ OM. Beside 

known, that Andromeda’s linear dimensions are twice .,4 
big as those of our stellar system. k, 

The galaxies are arranged in the Universe mainly ; 
groups. Our Galaxy also forms part of a small group of |: 
objects—three spiral nebulae, six elliptic with different d 
grees of ellipticity and four irregular. They all Consist q 
stars and gas and dust matter in different proportions, } 
the space accessible to modern telescopes there are man 
such, and frequently larger, clusters of galaxies. In thei: 
totality they form the higher system of the Metagalaxy i 
whose limits even the most powerful telescopes have x 
yet been unable to penetrate. As has already been pointe 
out, the distances between the stars in the galaxies ate, 
enormous as eompared with the sizes of the stars then? | 
selves. Contrariwise, the distances between the galaxies | 
in the vast Metagalactic system are not so great compare 
with the dimensions of the galaxies proper. Thus, fo 
example, the diameter of our Galaxy, as has been men 
tioned, is about 100,000 light years, i.e., it is only 1/20 o 
the distance to the extra-Galactic Nebula of Andromeda, 4 
collision between separate galaxies is, therefore, not at all 
impossible, especially since, generally speaking, they move 
in different directions. 

The question is: what will happen if such a collision oc 
curs? Owing to the extremely insignificant sizes of the 


stars as campared with the interstellar spaces one Galaxy aie 
radia 


* It has been established of late that the Metagalaxy consis’ be de 
not only of the “local” clusters of galaxies, but also of their larget inter- 
groups, which have become known as supergalaxies. For example. | : 
the existence of a large system of galaxies has been established this n 
with the centre in the formerly known cluster of galaxies in the 
Constellation of Virgo. This system has a diameter of 15-20 million less ¢ 
light years. (Editor’s note.) 
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"an may pass through another without in the least affecting | 
ula their stellar populations. On the contrary, the gas and dust il | 
bin intermediate medium, which fills the inner space of the yi 
a Galaxy, may be entirely swept out during such a collision. | 
‘Omgesides, as it may be supposed, stormy radio-frequency it 
e ae i 
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Fig. 20. Extra-Galactic Nebula of Andromeda 


radiation will develop and in the long run the Galaxy will 


a be deprived of its diffuse medium which thus enters the 
rge 


aple, : inter-Galactic space. It is hard to say what the results of 
hed \this may be to the subsequent development of the galaxies. 


jn The galaxies, apparently, more frequently exert more or 


less considerable tidal influences on each other. In such i 
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Fig. 21. Accumulations of nebulae near 
Í the Galactic Pole 
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y Fig. 22. Close group of galaxies with intermediate matter 
in between in the Constellation of Serpent 
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cases the galaxies that have come close to One 
emit tongues of luminous matter towards one anon 
the adjacent galaxies appear joined by Weakly lu era 
“bridges,” as Zwicky discovered on the photogrant 
Palomar Observatory. ` Phs | 
These “bridges” probably consist of stars ejecteq \ 
their galaxies. fry 
Thus, the space between the galaxies is not absol 
empty. It is filled with a greatly rarefied gaseous me 
in which there must be isolated stars that have lost ‘ 
tact with their galaxies. To leave the limits of their gal 3 
stars do not necessarily need strong tidal action sat 
neighbouring galaxies. Any star that has acquired a 
cient velocity frees itself from the influence of the ‘al 


(=) 
= 


attraction of its Galaxy and moves into the inter-Galac; Mee 
space. Zwicky has found a considerable number of gy Suttace 
‘shell a 


extra-Galactic stars in the direction of the Galactic Po, 
He discovered very weak blue stars without noticea” 
motion of their own; as a matter of fact, they are gian? n té 
and are very far outside our Galaxy at a distance E : 
130,000 light years and more. [ofthe | 
If the Sun and its planets left the Galaxy and went al ces 
the infinite spaces of the Universe it would hardly mab wee 
any difference to the conditions of the existence of life « panet: 
the planets. Instead of the sparkling stars we would s pe 
a firmament studded with hardly noticeable nebulous spot i 
—the galaxies and their clusters. The intensity of cost oe 


rays would, obviously, noticeably diminish and they woul Pluto 


become more directed. It would, probably, have no othe the Su 
effect since we do not very much depend on the other star change 
| radius 


of our Galaxy except the Sun. 
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lax; =. JAIN FEATURES OF THE STRUCTURE 


ue AND ORIGIN OF THE SOLAR SYSTEM 


toi It goes without saying that life is possible only on the 


lath face of a solid body—a planet, surrounded by a gaseous 


py stell and receiving light and warmth from a star with 
$ o which it is connected. Regrettably, the only planetary sys- 
a em ‘we know of is our own, controlled by the Sun. We 
A i shall first dwell in greater detail on the common features 
~ jof the solar system and shall try to show whether they are 

fot a sufficiently universal nature. For this purpose it is 


a necessary to touch upon the question of the origin of the 
4 planets since it is closely connected with the origin of the 

| a Sun itself. 

0 Nine planets revolve around the Sun, namely: Mercury 

E (0.39), Venus (0.72), the Earth (1.0), Mars (1.52), Jupiter 

i (0.2), Saturn (9.54), Uranus (19.2), Neptune (30.1) and 


a Pluto (38). Assuming that the planets are heated only by 
e the Sun we can show that their temperature T must 


Chapter III 


change in inverse proportion to the square root of the 
radius of the orbit r., Ker 


= 
the In the parentheses next to the name of the planet we find 


radius of its orbit i i i i ; 
arth and the Sun). in astronomical units (distance between the 
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where Tọ is the mean temperature of the Earth and equ 99.6 P 
90: 


approximately 290° abs. A 
With the aid of this formula we deduce the follow U Tre 


values of the temperature of the planets generally ,, 
firmed by radiometric observations. 5 
Mer- |y Earth| Mars | 1P |Saturn Ura- | Nep- |. | 

Planets cury enus| Ear tar nus NA ON 
Absolute | 

tempera- 

tire: _.| 464] 342] 290] 235] 127 94 66 53| | 
Tempera- È 3 j 
Grela eG | -+191 | +69| +17 | —38 | —146 | —179 | —207 | —220 H 
1 

We are deducing these approximate mean temperatur 
which depend only on the distances of the planets fro 


the Sun, on the assumption that all the other physical pro 
erties of the planets are the same. As a matter of fat 
the temperature may considerably change on each plan” 
depending on the peculiarities in its structure, period ¢ 
rotation and composition of its atmosphere. For exampl 
on Mercury, which has no atmosphere at all and whichi 
always turned to the Sun with one side, the temperatur 
at the point of surfare for which the Sun is in the zenit 
reaches 670° abs, while on the opposite (the night) sit: 
it may be close to zero. Even on the Moon, which he 
neither atmosphere nor water, the maximum temperatur 
of the surface at the equator at noon rises to above 100% 
but during the long lunar night or lunar eclipses it drop 
to —140°C. Nonetheless, the table given here offers a gêi 
erally correct orientation in the temperature condition 
on the planets. . 

The planetary orbits are noted, primarily, for their co 
siderable regularity and stability. They are nearly circuli 
and are located approximately in the same plane. Onli 
Mercury and Mars revolve on more elliptic orbits and th 
greatest distances of these planets from the Sun differ b 
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> er cent and 9.3 per cent from their mean distances 
Que 90.6 P 
2 pectively. 
N ghe orbits © 
e 


c 


f the other planets, especially those of the 


yi 


Į Uranus 


Fig. 23. Diagram of the solar system 


r con 
reult Eatth, Venus and Jupiter, are so close to circular that they 


on} Jot be distinguished from them when represented 
d thi paucally, Owing to this each planet receives approxi- 
fer b) ately a constant inflow of radiation from the Sun. The 
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observable seasonal changes in the climate depen 
on the angle of inclination of the planet’s equator 
plane of its orbit, but these angles are not Particulay ” ail. 
large; for example, for the Earth it is 23.5°, for ee A 
25.2°, and for Jupiter—only about 3°. Thus, Jupiter’s A i cas 2 
tor nearly fully coincides with the plane of its orbit ane 
the planet, therefore, has actually no seasonal changes i 0 
temperature. Uranus is the only exception because į! „s4 
equator is inclined to the plane of its orbit almost at a righ 
angle so that during a full revolution of this planet ho 
Sun passes through the zenith of any point of its surfy «. 
twice. But Uranus is so far from the Sun that this Circup i 
stance does not affect the temperature of its surface, 
The fact that the masses of the planets are very smy 
in comparison with the mass of the Sun and that the pla {s 
etary orbits are separated from each other by large inte jake 
vals is of enormous importance. The mass of the Sunj is : 
800 times as great as that of all the planets and its gran ies 
ity ensures the stability of the solar system. The mutu” “ : 
attractions between the planets are small and are able| Di 
cause but insignificant perturbations in their motion whit ha 


on) resu 
to th ooth < 


besides, are of a perodic nature. The inferences of cele 
tial mechanics prove that the planetary perturbations į 
not affect the distances between the planets and the Su |: 
and are unable to upset the integrity of the solar syste £ 
The ratios of the radii of the planetary orbits may, ther, 
fore, be considered a characteristic feature of the sol 
system retained all through its existence. The ratio œi | 
pends, to some extent, on the masses of the planets. Fo Suita 
the larger planets (Jupiter, Saturn and Uranus) the ral syste 
of the radii is close to 2, whereas for the planets with # omet 
insignificant mass (Venus, Mars and the Earth) this rai @Stet 
is close to 1.5. All these peculiarities must be explained! smal 
the theory of the origin of the solar system. S 
| Between the orbits of Mars and Jupiter there is a lat T 
“glade” whose existence clearly upsets the general regi thai 
larity in the distribution of the planetary distances. But? 
ie ae 
it 96 | 3} 
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t of the investigations conducted in the 19th and 
turies it was established that a vast number of 
s—asteroids—revolves in this “glade.” In most 
e asteroids are angular fragments of irregular form. 
the asteroid Eros, which comes rather close 
every 30 years and is therefore particularly 


On|) a resul 
© th goth cen 
lat}, small planet 
ats. pases th 

\ sample 
equa gor example, 
t W the Earth 


soli Fig. 24. The Sikhote-Alin Meteorite Crater i 
| | 


„ Fe suitable for the precise calculation of the scale of the solar | 
rai system, is shaped like a rod, or rather a cucumber 10 kil- | 


tha Ometres long and 5 kilometres wide; like many other 
rai’ asteroids it takes a few hours to rotate on its axis. The 
edi, Smallest observable asteroids are approximately 1 kilo- | 

| metre in diameter, but there are, undoubtedly, numerous | 
jaz \Smaller ones. 
ref Itis commonly believed that these small bodies are the | 
uta Shattered remains of a formerly existing planet. This break- | 
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i] 
l 
l l ing up continues to-date because of mutual collisiong | 
| as a result the solar system is replenished with extre îl nost 
| small fragments, as fine as dust. me ith 
It has been shown that fine dust particles are notice, comp 
inhibited in the light field of the Sun and gradually “a fomp 
itate towards the Sun and settle on its surface, m ye rí 
particles sometimes penetrate at a great speed into the fhe al 
mosphere of the Earth and they are then observed a. 
teors, or as they were formerly called, shooting stars j 
Rather large meteorites fall sometimes, as was the a 
for example, on February 12, 1947, when a rain of men 
ites with a total mass of at least 150 tons fell on a 
Earth. In their fall large fragments formed close to 1 
craters in the rocks of the Sikhote-Alin Mountain Rans 
But despite the fact that the meteorites penetrateg i y fa 
the Earth’s atmosphere with a velocity of Only aby { 
14 km/sec the greater part of them dissipated in the ai r } 
and only about 10 per cent of their mass fell on the surfa 7 
of the Earth. « > lis 
Examinations of the meteorites have shown that thei 
have a very complex chemical structure with the differen | 
elements in definite proportions. The ratios between iron bey 
nickel, cobalt and other elements, sometimes contained i a 
the meteorites in negligible admixtures, but in stricth 
fixed proportions, could have come about, according t 
the unanimous opinion of mineralogists and geochemiss 
only in an originally molten medium. We must conside ings 
the fact that during their long travels in the solar syste isotoy 
the meteorites may have been remelted when approachin of or 
too close to the Sun and their original structure may,! the a 
a number of cases, considerably have differed from the’ actiy 
present state. This complicates the study of the miner turne 
logical peculiarities of meteorites, but it may be taken fe meth 
granted that their chemical composition had not suffer. this q 
any changes save the gases contained in them. \stane 
Today we have convincing proof that the meteorites 4f of its 
fragments of a formerly existing planet which broke ™ Ing ti 
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NS aj t probably from a strong shock received Ina collision 
reme MOS n analogous body. This proof is connected with the 
with n of the “age” of the meteorites. The age can be 
EL ed primarily, by the presence in the meteorites of 
e are Hes isotope which is a result of the irradiation of 
i &/he atoms of iron by cosmic rays during the long wander- 
eii 


Ceaj 
7 


AS y - 
cay ‘ oye 
LE teg, 


ng i Fig. 25. Large meteorite of the Sikhote-Alin Iron Rain 
mists 
isid ings of the meteorites through interplanetary space. This 
/stet isotope, as is well known, cannot be produced as a result 
chin of ordinary radioactive disintegration. On the other hand, 
y,! the age of the meteorite can be calculated by the radio- 
the! active method according to its relative content of lead. It 
nei turned out that the meteorites, as determined by the first 
n i method, were not over 300-400 million years old. But in 
tere this case by the “age” we do not imply the time the sub- 
istance of the meteorite has existed, but rather the duration 
of its wanderings through interplanetary space. Accord- 
ell Ing to the second method the meteorite is about 4,000 mil- 
7+ 
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ld, i.e., its age corresponds to the period « | 
e had existed in the enti ie 
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lion years O ) 
the substance of the meteorit 
of its mother-planet. It is possible, however, that ; 
were several planets, from which the meteorites SPran 
a result of their break-up and that the last big coll 
occurred about 300 million years ago. 

Thus, the individual asteroids which came into being : 
the region between the orbits of Mars and Jupiter We 
probably relatively few and were much larger than fi 
of the similar bodies existing today and Continuing į 
break up into ever smaller fragments, down to meteorit 
and even smaller cosmic dust. 

We shall now briefly describe the large bodies of th 
solar system. The large planets can be divided into jy 
groups with essentially different physico-chemical prope, 
ties. The planets of the “terrestrial” type, which incl 
Mercury, Venus, the Earth and Mars, i.e., the planets clo 
er to the Sun, are noted for their small masses (the lags, 
est of these is the Earth whose mass is 330,000 times; 
small as that of the Sun), relatively slow rotations an 
great densities because they are made up of heavy el 
ments. Their atmospheres are insignificant in their mass 
and volume as compared with the masses of the plane 
as a whole and are of secondary origin, i.e., they we 
formed after the origin of the planets, in the course of th 
evolution of the planets. j 

The superior planets—Jupiter, Saturn, Uranus and Nep 
tune—are distinguished for entirely different propertie: 
They have very large masses (for example, the mass ' 
Jupiter is 318 times as great as that of the Earth), rot the 
very rapidly around their axes (Jupiter rotates around! stit 
axis in 9 hrs 50 mins) and, therefore, have a very big™ the 
serve of rotation energy. Despite the great internal pre est 
sure the mean densities of these planets are very low (i whi 
example, the density of Saturn is only 0.7 that of ay | prol 
This is due to the fact that they are made up chiefly | not 

f 
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‘ohter gases—hydrogen and helium—and have a 
ine admixture of heavier elements only in their in- 


Nt certain 


a te question of the chemical composition of the large 
ang; 


isin glanets is Of BT 


eat importance in ascertaining the origin of 


Fig. 26. Jupiter 


i the solar system. The masses of Jupiter and Saturn con- 

` stitute the main part of the entire mass of the planets of 
big the solar system and, therefore, characterize to the great- 
l pi\ est extent the composition of the primary environment 
yw C \which had served for the formation of the planets. This 
wate Problem could not be solved until recently because it was 
efly ‘| not known how an ordinary solid body behaved under 
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ssures existing inside the planets, i.e., of milliong l 


pre i s i ron SE ae 
tens of millions of atmospheres. This question jg het this p 


1 mi pi S 
basis of experiments aScerta,. pea" 
swered today on the ba rain 
the behaviour of solid bodies under pressures of hung than t 


y SERT te 
of thousands of atmospheres and the theoretical conside Thus, 


: x dge of the we Ca 
tions growing out of our SOT aa For aa tay aa 
8, whose rotation, massa We 
and degree of oblateng the Sl 
16l- at the poles are T incon 
known, it is possible, nal p! 
14 establish the chemi 3". 
composition and the dig, ©? 

12} bution of densities | 
different distances fr "EV" 
Oy the centre. Jan al 
2 By the shape of y ™P 
2 2 planet (the degree of i ne 
Sy e oblateness at the poe" 
5 and rate of rotation i °°" 
4y- possible to judge t Ti 


degree of heterogenei à 
2 of its internal structur fee 
` The planet will be t 
E mass 
o 22 te ng 0g tg ore flattened the mo 
Distance from the centre homogeneous it is, it h 
the greater the part of i 
Fig. 27. Internal structure of mass is concentrated’ dife 
Jupiter the outer layers farthi 
from the centre and t ; 
more it is, consequently, subject to a greater centrifug 
force. The ellipticity of Jupiter, i.e., the excess of its equ ot 
torial radius over the polar, equals one-sixteenth. Bu a 
Jupiter were more homogeneous it would be more oblat ne 
Without any particular conjectures concerning the belt iof 
iour of its substance under changed pressure we : cent 
determine the degree of heterogeneity in the structul? 
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on the basis of mechanical laws alone. It ap- 
Dej rs that in its structure Jupiter is more heterogeneous 
ain p the Earth or any other planet of the terrestrial group. 
ndre a b determining the degree of Jupiter’s heterogeneity 
idene can very easily find the lower and upper limits of 
Ire p drogen it contains. l i 
upit “we get the lower limit by the doubtful assumption that 
8, si the substance in the central parts of Jupiter is absolutely 
teng incompressible, i.e., this planet despite its enormous inter- 
We nal pressure consists of homogeneous layers. In this case, 
ble i ae shown long ago by Wildt, the mass of Jupiter must 
emy consist one-third of hydrogen. 
dist We obtain the upper limit of hydrogen content by the 


‘ reverse assumption that all of Jupiter's substance is in 
tog an absolutely degenerated state, i.e., that its atoms are 
| completely crushed, in other words, their nuclei are sepa- 
f tr rated from the electrons. In this case a theoretical investi- 
i gation of the problem shows that Jupiter and Saturn may 
el: essentially consist only of hydrogen with a very small 
n w admixture of heavier elements. Uranus and Neptune, other 
ti planets of the same group, which have a somewhat smaller 
sene mass, are noted for containing a lower percentage of hy- 
Bett drogen and helium. It appears at the same time that the 
e | nass of the large planets can in no way wholly consist of 
m compounds of hydrogen with other gases, for example, of 
3 i hydrocarbons. 
A | In studying the equation of the state of hydrogen under 
arthi diferent pressures we may try to build a purely hydrogen 
dt model of Jupiter in which both the mass of the planet and 
rifug, its radius with the observable degree of heterogeneity 
5 eal should be reproduced. As a result of a detailed analysis 
put’ Ve find that Jupiter probably contains 85 per cent of hy- 
oblat, drogen with the remaining 15 per cent belonging to helium 
peit \mixed with other heavier elements. Besides, the outer layers 
ye Č ‘Of the planet to a depth of 0.86 of its radius from the 
ture! Centre, or 0.14 of its radius from the surface, consist main- 


planet 
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ly of molecular hydrogen. At this depth the densit 
0.4 of the density of water. 

This is followed by a leap in the value of the de nF fo 
due to a change in the state of hydrogen—its trans. 
into an atomic state, the so-called metal phase, 
owing to the tremendous pressure, which reaches 700 Eh, pectrl 


| 
y reach 
VU 


NSitiy y 
whet CHp 


atmospheres on this level, the electrons “free thems ala cae 
brig 


as it were, and are no longer bound to definite atom 
nuclei. During the transition into the metal phase rately 
density of hydrogen doubles. Subsequently the densi. Aea 
continually increases to the depth corresponding to O weig z 
of the planets radius from the centre, which is followe cae 
by a new uneven change in the transition toward th 5 s t! 
central part of the planet now consisting of a mixture F e | 
hydrogen and other, heavier elements. | titie 
We may add to these purely theoretical calculati | coui 
y e purely th ations the Giver 
recent direct observations established the general approx sented 
mate chemical composition of Jupiter’s atmosphere by it 
mean molecular weight. This mean molecular weight car)” mol 
be found by determining the refracting ability at differe heli 
altitudes of this planet’s atmosphere, which is quite othe 
definitely established by occultation of the stars by th, The 
planet. | ammo 
When the disk of Jupiter approaches a star the latte’ ponds 
does not disappear at once because the rays of ligh! and ci 
emanating from the star at fiřst pierce the high and rel planet 
atively rarefied layers of the atmosphere and refract i) Dir 
it differently, according to the distance from the edge! in the 
the disk. Due to the difference in refraction the beam o| for U 
rays after going through the atmosphere of the planë! that. 
comes out of it in the direction of the observer alread) As 
somewhat diverging, which due to the great distance bel trum 
tween Jupiter and the Earth rapidly makes the star 10%! A nu 
in brightness. Precise records of this diminution of ti labor: 
star’s brightness make it possible in time to determine the "proxi 
refracting ability of Jupiter’s atmosphere and, consequen show 
ly, the corresponding molecular weight. As early as 19% hydrc 
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astronomer Pick thus found the value of about 
n molecular weight, which corresponds to 
hydrogen H, for one molecule of methane 
it whose content is very clearly visible in Jupiter's 


ember 20, 1952, when Jupiter occulted the rather 
Ves), cht a Arietis Baume and Code calculated more accu- 
oni Bey that the mean molecular weight was 3.3. For the 
tht is of comparison we may recall that the mean molecular 
nsit! a ht of the terrestrial atmosphere composed of 21 per 
Oy ee oxygen and 79 per cent nitrogen in a molecular state 
wel 3 nearly 10 times as high, namely, about 30. It clearly fol- 
th Jows that Jupiter’s atmosphere must contain greater quan- 
'e o| tities of hydrogen. Thus, for example, by taking into ac- 

count the relative abundance of various elements in the 
tha! yniverse the established molecular weight may be pre- 
rox! sented in the following proportions: 


y i molecular hydrogen . - «a - - 100 molecules 
as Aium ES a 2 dees 
reni “ee 

ui other, heavier compounds . . . . 7 molecules 


ih} These heavier compounds include methane CH, and 
ammonia NH, which, owing to their weak molecular 
atte) bonds, are stimulated by insignificant radiation of the Sun 
ligh! and can, therefore, be well seen in the spectra of all large 
él! planets beginning with Jupiter. 

til. Direct spectroscopic proof of the presence of hydrogen 
e o| inthe spectra of the major planets has been obtained only 
no} for Uranus and Neptune, and only very recently at 
andl that. 

eadi] As established by Kuiper a band is observed in the spec- 
be} trum of Uranus and Neptune in a 8270 A wavelength. 
lost| A number of experiments conducted by Hertzberg in a 
tht\ laboratory with liquid nitrogen at a temperature ap- 
th \proximating that of the atmosphere of these planets 
eli showed that this band must be ascribed to molecular 
hydrogen. Next to this band, however, there must be 
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another band of molecular hydrogen in the 8166 A 
length, which is not observable in the spectrum of Une 
and Neptune. Experiments show that this seconq band 
infallibly weakened, and very considerably, indeeq { most 
some neutral gas, whose atoms repeatedly collide With (ae 


Â 


S 


molecules of hydrogen, is added to the molecular Tat 
0. 


gen. This effect is best produced by the admixture ,, 
helium; besides, for an explanation of the observaj 
spectral peculiarities it is necessary that the atmospher 
of the aforesaid planets contain approximately 3 
as much helium as molecular hydrogen. 

It, therefore, follows that there is a certain interdepen 
ence between the mass of a large planet and the quanti 
of light gases it contains, and the most demonstrative , 
these is, of course, hydrogen. 

The content of different elements in the planets of it 
terrestrial type is entirely different. For example, the ek! 
ments prevailing on the Earth are those, which condens, we 
into liquid ard solid states at high temperatures, as wey"s!OUP 
as oxygen, which is still capable of entering into stah} mete 
compounds at high temperatures. All the elements, begir! falling 
ning with hydrogen, whose temperature of liquefaction i of ele 
sufficiently low and which cannot form stable compount! pom 
with metals at high temperatures, are very rare on th! in th 
Earth compared with their content on the Sun and on othe) ©? 
stars. parat 

Besides, it is very important to note that the distrib Thes 
tion of the widespread elements is exactly the same on th the E 
Earth as it is on the Sun. Russel, who was one of the firs, Possi 
to make a quantitative chemical analysis of the sola) are r 
atmosphere, noticed that all the elements with a hig! than 
temperature of liquefaction, which were most widespread Th 
on the Sun, were similarly plentiful on the Earth. To illus} Eartl 
trate this remarkable correlation he chose 14 elements 0\, melt 
this type and divided them into three groups according!) jthe ı 
the degree of their abundance. The following correlatioi¢ tis: 
for the Sun and the Earth was obtained: 


Gr 
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Earth 


Way, Group I I Sun 
ron N 
a Aluminium Magnesiiim 

j idespread Nickel ‘ 
ed, | (most wae P Calcium Potassium 
th R clemer Sodium Calcium 

Ae Potassium Aluminium 
dtp, 
T 
i | Group H ý 
i Titanium rae 
Ne : z CI ium Nickel 
ti i (less pe ele Marigatiese Chromium 

“ea Gorali Titanium 
i 
peni 
antiy, Group II aus 
: 3 anadium 
ve (the tou tid ee Copper 
chines Zinc Zinc 


f th 


g We really see that in all three groups the elements are 
wet rouped almost analogously. The chemical analysis of 
er neteorites which are but fragments of cosmic matter 
et falling on the Earth, shows the same order of distribution 
es of elements with a high melting temperature. This compar- 
ou ison can be continued with rarer elements not represented 
e in the given table. The results are similar. 
Fr Only four elements form an exception, since their com- 
parative distribution on the Sun and on the Earth differs. 
rib, These are the elements, however, of whose distribution on 
nth the Earth we do not know enough. It is, therefore, hardly 
fir) Possible to state with any degree of certainty that there 
sol} are relatively greater quantities of any metal on the Sun 
higi than there are on the Earth. 
reali This surprising correspondence between the Sun and the 
illus, Earth in the relative abundance of elements with high 
ts ol melting temperatures may be regarded as vivid proof of 
ng Ù the common origin of our Sun and the planets by which 
atioy# It is surrounded. The Sun and the planets had to form from 
some common material characterized by a content of var- 


107 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


ious elements which is generally peculiar to the Uniy 
as a whole. The sharp discrepancy between the Sun Jee 
the Earth as regards the distribution of the elements wand ri 
a low temperature of liquefaction has other reasons, Nit ee 
Despite the fact that hydrogen is the most Widespre Y cco 
element in the Universe and abounds on the Sun S p 
the big planets, there is relatively little of it on the M, 
The total quantity of hydrogen in the Earth’s crust Wre 
the oceans occupies only the eighth place among the oth; ai 
elements. Oxygen, which constitutes at least 51 per ay, a 
of the weight of the Earth’s crust, because of its enormo i 
chemical affinity, stands first. ee 
It may seem strange that even such inert elements wi ai 
a very high molecular weight as argon, neon, crypton al today- 
xenon rather widespread in the Universe are very Door! relativ 
represented on the Earth. Argon, which forms appro: yariou 
mately one per cent of the Earth’s atmosphere, is, as ta resu 
well known, of a radioactive origin and has formed duri he in 
the long histery of the Earth as a result of the disintegr.”py pr 
tion of radioactive potassium with the atomic weight 4 and b 
Neon, which is, certainly, of no radioactive origin andi obser 
very abundant in the Universe, is represented on the Ean’ shoul: 
by an absolutely negligible quantity. We can judge abo erupti 
the quantities of these inert gases on the Earth by dete’ vapou 
mining their content in the Earth’s atmosphere, or in th positi 
different minerals which form part of the Earth’s crus cours 
or, finally, by analyzing the different natural gases liberate secon 
from wells and bore-holes. The relative abundance of thes of the 
gases has been found approximately the same in all cas It 1 
To determine the relative content of these gases on th unabl 
Earth and in the Universe it is most expedient to take th ton i 
content of silicon as a unit because it is one of the basi Conte 
elements in the Earth’s crust and is also found in costtl In co 
space. To make the data obtained somewhat more precisi The 
we can use the definite correlations between the abundan hot « 
of the elements and their atomic weights established #f ‘ch 


the Universe. It was established, for example, that panent 
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iver giscrepancy between the canion: of neon in the Universe 
N al nd on the Earth constitutes a magnitude of approximate- 
Wi a 010, This means that the Universe, or, to be more 
E its part which is accessible to study, contains 
Preig, 000 million times as much neon in comparison with 
Nd hicon as does the Earth. The magnitude 106 has been 
ary gimilarly found for crypton, the heavier inert element. 
indi! These inert gases, which are not liberated from the 
Oth jnterior of the Earth as a result of tectonic activity and 
ce qo not form compounds with other elements must, appar- 
"mo: ently, characterize the fate of our planet’s original atmos- 
| gnere. The other elements—nitrogen, oxygen, carbon 

| Wi dioxide and water vapours which make up our air shell 
n a ¢oday—are not characteristic in this respect since the 
onr relatively inert nitrogen is emitted in large quantities from 
pror various tectonic holes, oxygen is emitted in a free state as 
as la result of the activity of plants (photosynthesis), while 
uti the inconsiderable amount of carbon dioxide is explained 
teg hy processes of combustion, including livirg organisms, 
ht 4 and by emission from the interior of the Earth which is 
andi! observed in every manifestation of volcanic activity. It 
Ean should be noted that any cooling of lava, any volcanic 
abo: eruption is necessarily accompanied by discharge of water 
dete! vapours into the atmosphere. Thus, the present-day com- 
in th position of the earthly atmosphere has formed in the 
crus! course of geological epochs and is, undoubtedly, of a 
eraté secondary origin sharply differing from the composition 
‘thes of the atmosphere of the primeval Earth. 

case lt may seem strange that the Earth’s atmosphere was 
n th unable to retain even such heavy gases as xenon and cryp- 
ke ti ton in their original quantity; nevertheless, the relative 
basi content of these gases on the Earth is almost the same as 
ost! N cosmic space. There can be only one reason for this. 
reci The dissipation of our planet’s original atmosphere did 
dant }Ot occur separately for each gas, but was determined 
ed i exclusively by hydrogen, by far the most abundant ele- 
at th} Ment, that must have carried away with it all the other 
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gases, which constituted relatively insignificant Admixty, hat of 
Even today, due to the inevitable turbulence of the A ura T 
phere the distribution of different gases in it is in ie ine 
connected with their molecular weights. Thus, for en cide 
so heavy a gas as carbon dioxide is contained, a, ye M 
periments have shown, at an altitude of 20 kilometres. pt A 
the same relative quantities as on the surface of J rocks 
Earth. The mean molecular composition of the atmosphy Farth 
remains nearly constant up to the highest altitudes des i dense¢ 
the fact that it contains gases of different atomic weigh basis c 
it must be likewise assumed that during the intensive a born { 
sipation of hydrogen from the original planetary condens that is 
tions or from already formed planets it carried away yj, no lon 
it other gases irrespective of their atomic weights ‘bodies 
we agree with this we will have to accept that the pag that (o) 
element, which determined the ultimate chemical ep tem— 
position of the planets, was precisely hydrogen becar WE hé 
of its original abundance. \ph 
As we havé pointed out hydrogen, though the most wig? EMPe 
spread element in the Universe, stands only eighth amo Ae 
the other elements on the Earth and this is, apparent} 8" 4! 
due to the fact that the Earth was formed as a body of Planet 
relatively small mass. If we now turn to Mars, whose ma “ith | 
is only one-ninth that of the Earth, we shall find w less h 
firmation of the aforesaid regularity. As a matter of fa Ee | 
there are no open water basins, no rivers or strear a m 
with free water on Mars and with its rarefied atmosphe ar 
which, apparently, consists, mainly, of nitrogen it o mi 
tains so little water vapours that they can produce on Ane d 
a very thin layer of rime. Even the so-called polar sno 1/318 
on Mars, which thaw out completely despite the very w place 
temperature on this planet, are made up of a layer of SM 5, 
and ice at best only several centimetres thick. It is, tt tass 
perfectly clear that there is much less hydrogen on P barih 
than there is on the Earth and this is most probably de Te ol 
to the original conditions under which the planet Wi active 


formed. And finally the Moon whose mass is one-eight 
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f the Earth is absolutely deprived of an atmosphere 
he content of hydrogen on it, even in the form of any | 
and t unds in its crust, is, apparently, close to zero. ji 
i npa tally, fully to back up this conclusion concerning i 
amy mcidenta 3 > t know how it formed since the Moon is 
“iwe Moon we mus th i 
aS eye an independent planet and the composition of its 
a may have been to some extent borrowed from the 
us eth if both these bodies had a common origin in a con- 
eased clot of matter. It was formerly supposed on the 
eie basis of George Darwin’s Tidal Theory that the Moon was 
ed born from the Earth and that it sprang from the region | 
t is now the Pacific Ocean. This point of view is now | 
no longer acceptable, but the common formation of both i 
ate bodies appears quite probable. We may analogously think 
hy that one of the most massive satellites in the solar sys- 
DA tem—Titan (Saturn’s satellite)—could also in some meas- 
a we have borrowed from its planet the methane atmos- 
phere which it is still able to retain because of its low 
- wi’ emperature. a 2 
am At any rate it is quite obvious that the content of hydro- 
| gen and, at the same time, the density and extension of a 
y a planet's atmosphere are in a definite manner connected 
,, With its mass. With a smaller mass the planet received 
aed less hydrogen at the time it was formed. Jupiter, whose 


f fae mass is about 21029 g, has a nearly normal quantity of 


i hydrogen, maybe only a little less than the mean quantity 
ji 


pat © 


O yacon 


si of this element in the Universe. On Uranus and Neptune, 
a whose masses are approximately 1/15-1/16 that of Jupi- 
ar ter, the content of light gases, and especially hydrogen, is 
; already noticeably lower. On the Earth with its mass 
ry bo 1/318 that of Jupiter hydrogen already occupies the eighth 
i Place, but its abundant combinations with oxygen are still 
, Possible in the form of oceans; Mars with its still smaller 
ass hardly has any hydrogen and its compounds, pri- 
arily water, though in Mars’ rarefied atmosphere there 
fe Other gases, most probably, of a tectonic and radio- 


nial tve origin. The Moon whose mass is 1/80 that of the 
> 
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Earth has no atmosphere whatsoever. The approx; | 
correlation between the content of hydrogen and the mospi 
of the planet may be represented graphically (Fig, y mi 
where the logarithm of mass expressed in grams is Dla T 7 
on the axis of the abscissa. : large 

The origin and development of life on a plane ser CY 
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Fig. 28. Diagram of approximate abundance of hydrogen imo: 
depending on the planetary mass cl i 
its 01 


comp 
approximately 1027-1028 g (for our solar system). The ma chem 


of a livable planet must be on the lower end of the cun; Thi 
of hydrogen content, though not at the very bottom. condi 

A planet which unites all the elements in their natur) plane 
abundance is not fit for life, because its gas and clo tion. 
shells are too large and there is actually no hard surfa abun 
containing the compounds of metals. So hard a surfa Uran 
could have formed, for example, on Jupiter at so great] defin 
depth that the pressure of the upper layers would halj char 
crushed the electronic shells of the stablest atoms N Th 
the formation of any complex and, therefore, unstable alio- un i 
minous compounds would have been absolutely impossibli muck 
If the mass of a planet is too small there will be 0“ by 1 
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ima mosphere on it at all or it will be at least insufficient and 


My or life. 
-X oh must be enough hydrogen on a planet to form 


Lag masses of water which would ensure a vigorous wa- 
(ae cle in nature and disperse various elements over the 
Ee of the planet. It was precisely as a result of such 
beater cycle on the Earth during long geological epochs 
Frat the waters of the oceans in which life originated were 
inriched py all elements and their compounds necessary 
re puilding protein molecules. Life cannot originate and 
develop on a celestial body where there is hardly any water 
cycle. Mars is one of the planets where life is hardly 
possible because the shortage of water must have caused 
the elements to disperse much more slowly than they did 
on the Earth. 

Thus, the study of the chemical composition of the plan- 
ets of our solar system leads us to believe that all the 
\ planets must have formed from the same medium as the 
?oun and, probably, at the same time, but®that the less 

massive planets must have lost part of their original light 
gases. The Earth, in particular, has fully lost its original 
atmosphere and at the same time a considerable part of 
its original mass. This is precisely why the present-day 
composition of the Earth differs so greatly from the normal 
maj chemical composition peculiar to the Universe. 

cur} The question may be asked as to what the temperature 
conditions were at the initial stage in the existence of the 
atu planetary condensations, during the period of their forma- 
clo tion. Jupiter, which has nearly fully retained the original 
urfa abundance of elements, cannot be indicative in this respect. 
urfa) Uranus, for example, where the loss of light elements has 
reat definitely begun but has not gone very far as yet is more 
| ha} characteristic. 

5 cal The temperature of the Earth, considerably closer to the 
alt” Sun at an early stage in its development, must have been 
much higher regardless of the absorption of solar radiation 
by the original protoplanetary cloud. It goes without 
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saying that the Earth, like the other planets of the 
trial type, must have lost from the very outset most 
hydrogen and along with it the other elements wit ofi 
mained in a gaseous state and did not form any com lch y 
with other more refractory elements. Doung 
We may, thus, conclude that the hydrogen wa \y 
most probably, during the period of the planet’s ri f the 


It was a very rapid process, which ended at the Mj ymine 
earliest stage in the life of the planet as a cosmic Verio beli 
We, therefore, have no reason to believe that any 
is slowly and gradually losing any hydrogen Or, especi i 
its compounds. In particular we have no reasons to ba i 
that in the distant past there was more water on wl! cor 
and that the conditions on it were more Suitable for lit 
than they are now. Similarly, there are no indications th 
during the long geological epochs the total quantity 
water has changed in the oceans of the Earth to any i; ee 
preciable extent. On the contrary, geological and pale E 
tological date indicate that the total surface occupied 
oceans is increasing as tectonic activity on the Earth 
decreasing. This process resulted in the disappearance 
certain continents, for example, Gondwana, which forme individ 
ly connected Asia with Australia, and, relatively recent wane 
Atlantis, from which only the islands of the Aegean Arct thousa 
pelago have, apparently, remained. stars ` 
In all probability, the total mass of water on the Ean! mediun 
has suffered no change in the last several hundred millis! this 
years. However, the planets differ in their ability to retal! mome] 
ae inode pepospheres, and some dissipation of i star— 
1 pace is still possible today. But th} mass 
process is extremely slow and we shall dwell on it late in one 
Let us now consider the peculiarities of the planets 0| and, t 
the solar system and try to decide to what extent the’! equatc 
peculiarities must be characteristic of the other planeta, Thu 
systems. We have observed that a planet with a sufficiet- jion sl 
ly large mass has an identical chemical composition willed by 
its central luminary. Generally, as we have already met} dense 
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difference between a star and a planet is only 
only in the fact that the star, owing to 
ficient pressure and temperature in its central regions 
oun able of radiating atomic energy; planets do not have 

.. ability. But if its mass increases to at least 1/20-1/25 

5 r mass, the planet will inevitably become a 
atin minescent body—a star. In general, there is every reason 


Dan Y, can be very easily shown that the formation of a 


cial 
elie y condensed gas and dust cloud would require an 
a xtremely precise compensation of angular momenta of 
Nr iif individual particles making up the cloud. The final result 
S th! of such condensation should far more frequently be the 
Ity (i imultaneous formation of several stars, among which the 
Y @linitial reserve of angular momentum is distributed. In 
ale:\ ,ddition, the angular momentum is partly connected with 
ed bhe intermediate medium which is also consfderably con- 
rth i densed and cannot form part of the star without upsetting 
ce (lits gravitational equilibrium. Multiple systems, rather than 
rme individual stars, like our Sun, are, therefore, usually 
entl formed in the Galaxy. Thus, we must consider that several 
Archi thousand million years ago our Sun formed like other 
stars from some local condensation in a gas and dust 
Eat! medium. Compared with other analogous condensations 
ilit this condensation had a small reserve of angular 
‘ela! momentum and this resulted in the formation of only one 
f th star—the Sun. Nevertheless, a considerable part of the 
+ tht mass of the original condensation could not concentrate 
| in one body because of the excessive angular momentum 
| and, therefore, remained outside arranging itself in its 
thes) equatorial plane. 
Thus, all the data concerning the process of star forma- 
lon show that the primary Sun must have been surround- 
A by a gas and dust medium in the form of a sufficiently 
ense diffuse cloud compressed and condensed towards 
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the centre. The planets existing today have formeg ¢ | nis © 
this cloud and have retained part of its angular Mome fry pspeciê 
This gas and dust cloud of the same composition, of co The 
as the original Sun could, additionally, constantly mee an 
gas streams due to the intensive corpuscular radiation e fac 
curring at this early stage also chiefly in the e oim c 
plane. Oty, the 

If the mean density of the primary cloud was Not y themse 
small, local condensations capable of withstanding § aiffers 
disintegrating tidal action. of the central body must hel these c 
arisen in it due to the inevitable local “overfalls” of a proper 
sities. If the density of such a cloud, remaining outside j proxim 
primary condensation, were not sufficient it would i, we car 
tably disperse in space after the final formation of g EPen 
star as a luminescent body and the separate dust Partick the PS 
which formed part of it, could gradually fall on the cenj| /™" 
body as a result of radiation hindrance. ihat th 


Thus, the primary dust and gas cloud and the conde : 
gards 


if 


sations arisirig in it must have been sufficiently dense fre’. 
the very outset. Stable against the disintegrating tidal i dona 
tion of the Sun these condensations continued their ing Oa 
pendent existence moving in a more rarefied medium a g! 
adding the particles of this medium to its own mass. |° HH 

This process of the gradual growth of the formed co: ea i 
densations may, generally speaking, be imagined in vario “a 
ways. We saw above that the temperature in such conde et 
sation must have been low. The original cloud must hai have f 
cooled through the lowering of the temperature of the g planet 
molecules in their constant collisions with the cold di as re ; 
particles. Later, as the cloud condensed this low temperi ea 
ture must have been maintained because the cloud inte “safe?” 
sively absorbed short-wave radiation but continued i first in 
filter its own low-temperature radiation. But its tempt the nex 
ture could under no circumstances drop below that of tom N 
dust matter in the interstellar space far from actinic sta- Atwee 
This determines the lower possible limit of temperatul®4 Saturn 
the protoplanet cloud which is estimated at 10-20° abs. A 
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perature hydrogen even in a molecular state, and 
cially helium, must have remained In a gaseous state. 
espe motion in a resisting medium and the averaging of 
OU; ad gular momenta of the meeting particles result in 
rece fact that the orbits of the condensations hardly differ 
On p ‘a circular orbits from the very outset. Besides, owing 
ators Te flattened form of the initial cloud they arrange 
> mselves approximately in the same plane which hardly 
t ve Hers from that of the solar equator. On the basis of 
1g i fse considerations it is not hard to deduce all the basic 
{properties of the solar. system if we only know the ap- 
f de F oximate distribution of the planetary masses. In part, 
deyi can show the precise law of planetary distances and 
"| eyplain why the planets rotate on their axes exactly with 
he period of rotation now observed. For this we must, 
primarily, find the mathematical expression of the fact 
that the formed planet is stable not only as regards the 
sun, i.e., is capable of resisting its tidal action, but also as 
nits vards the closest planet, i.e., can also withstand its ad- 
tr ditional tidal action. In other words, we must find the 
al expression for the law of planetary distribution proceeding 
ing fom the condition that the planets “hinder” each other 
N al ag little as possible. 
In all probability the distant planets must have formed 
st while the formation of the larger planets must have 
occurred ever closer to the Sun. Naturally, Pluto, the plan- 
{et with a small mass and the farthest from the Sun, must 
4 have formed first. The formation of Neptune, the next 
"id planet, had to satisfy the requirements of tidal stability 
wh regards the Sun as well as the already existing Pluto. 
ta en Neptune could have formed only at a sufficiently 
di ma distance from this planet and this determined the 
ott i Interval between the planetary distances. Uranus, 
€ next planet, could have formed only far enough away 
m o Neptune, etc. It is, therefore, clear why the intervals 
r Sea the orbits of such massive planets as Jupiter and 
are the greatest in the solar system; for the ex- 


| fy his tem 


| coy fit 
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ternal and internal regions of the solar system these in 
vals diminish. Ap] 
Mercury, the closest planet to the Sun, and Pluto, , masse 
farthest from the Sun, are the smallest of the large plan plane 
It should be mentioned, however, that the law of pla i the d 
distances for all planets without exception is bass plane 
purely physical considerations with the assumption apni? 
the original planets, or, more exactly, the Planetary a It 
densations were of the same chemical composition, i purel: 
they were composed on the average from the same i mean 
ments, mainly hydrogen. Subsequently, the very mass; syste! 
planets, such as Jupiter, for example, considerably remoy said i 


from the Sun, almost fully retained their original c formé 
position and are now composed mainly of hydrogen part 
partly of helium with a big admixture of heavier elemen solar 
The planets closer to the Sun and less massive from ¢ To 
very beginning have not retained their original compo: a 
tion and are now only nuclei of the original plang ue € 
composed of heavier elements. j on T 
Thus, under the indicated condition of a similar che! a 
ical composition of all planets of the solar system wed "È a 
get the following values of their distances from the g} “9a 
a, R 
based on a somewhat evened-out distribution of t em 
masses: e 
the c 
tional 
5 Distance from the Sun (in radii of the distar 
Planets Earth’s orbit) Her 
observed | calculated matte 
Mercurya 5 8 bo 6 0.39 0.43 the g 
Venusaa ames eres fey bs 0.72 
Eartha e E 1.00 
Marsta AT. 1.52 
Asteroids. co a c 6 6 ee 
UNE oo oo 6 ao 5.2 
Saturnie 9 dle obo 9.5 
Uranus o eo eer 19.2 
Nepttine. ee mi 30 
Pluto enee ces oe 39 
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i ‘ently, the assigned values of the planetary 
In parentiy >. : : 

es make it possible to find the distances between the 
to ets and the Sun. If the planetary masses were different 
hy p distribution of the ae a in the general plane of the 
Netty planetary motions would differ from the existing distri- 
ed Joution. ‘ w detent 
nth yt is impossible to etermine the planetary masses 
urely theoretically. A possibility of such calculation would 
i mean that all stars must have exactly the same planetary 
systems, which is, of course, incongruous. It can only be 
i said in general that the conditions most favourable to the 
i formation of massive planets are created in the central 
part of the original planetary cloud poorly heated by 
solar radiation. 

To determine the period of rotation of a planet with a 
| given mass and distance from the Sun we must take it that 
| the formed planetary condensation included the mass not 
only in one limited area of the original nebula, but nearly 
( all along the circumference of its orbit and that the angular 
| velocities of rotation around the centre were considerably 
| equalized due to the interaction of the particles among 
themselves and, particularly, owing to their intermixing. 
We thus get a very simple expression which shows that 
the quantity of rotation of a forming planet is propor- 
tional to the mass multiplied by the square root of its 
distance from the Sun. 

Here, too, we get a close analogy with the stars. As a 
matter of fact it is precisely the massive stars that have 
the greatest rotary reserve and rotate on their axes with 
the greatest speed. It also turns out that the more mas- 
‘ve planets in the solar system must rotate faster, and 
this is what we actually observe. 

The Conception of the origin of the solar system pre- 
vance here and based on the analysis of its general regu- 
A aes makes it possible to explain all its main peculiari- 
“S: This conception was first voiced in the U.S.S.R. in 
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1919, though it was insufficiently elaborated for lack 
precise initial data. _ = ) 
It follows from this theory that the origin Of the als 
ets is a definite and regular process widespread in nat 
and that the planets have formed from substance Closet, 
connected with the primary Sun without any interferened 
of outside forces. It is now being definitely asedii 
that the origin of the planets is connected with the folstar. 1 
mation of stars near which they find themselves ang thalroneou 
it is one of the aspects of the general process of formatig. system 
of stars and stellar systems. | nable 
The advanced minds of humanity have always been in either- 
terested in the problem of the origin of the solar syste,| Man 
The first scientific hypothesis of the development of stell collaps 
systems and planets was advanced as early as 1755 by! 
the German philosopher Immanuel Kant, who proceedg|g 
from the idea of original chaos composed of separate soli 
particles similar to meteorites. This hypothesis, for tp tas 8" 
first time corfsidering the process of development of thy PIS 
cosmic bodies, which were until then believed to hay develo 
been immutable from the very moment of their suppose peer 
“creation,’ was of great progressive importance for it mation 
à o a resul 
epoch and was highly appraised by F. Engels. ticl 
At the end of the 18th century the famous mathematicia A = 
and astronomer Laplace expressed a more restricted but realy 
better elaborated hypothesis of the origin of the sola y Let 
system from an original gaseous nebula with a very cot proble 
siderable central condensation. According to this by} diffuse 
pothesis the nebula rotated on its axis and gradually coolei surrou 
and contracted as a result of which successive rings ù| soon ; 
gas split off and later formed secondary condensation’ owing 
the future planets. This so-called Nebular Hypothesi| by set 
was generally recognized in the 19th century. It has n0"\ disk, v 
been established that in its original form this hypothesi es wi 
is incompetent and cannot explain all the regulantè g" 
observed in the solar system. 
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ck the hypothesis of Jeans, which replaced it, persisted for 


le of decades because at that time there were as yet 
evi cas of the evolution of the Sun and stars and it was 
aty ie d that even in the epoch of the origin of planets the 
lose had approximately the same properties it has now. 
recording to this hypothesis the planets were formed 
ament drawn out of the Sun by a closely passing 


Day 


dined! a fil ; k ; 
F A This idea inevitably leads to the ideologically er- 


| conclusion about the exceptionalism of the solar 
tha roneous A 4 3 $ 3 
atig system in the Universe. Besides Jeans hypothesis is 
Table to explain the basic peculiarities of the solar system 
n jqieither. ; 
sten) Many different considerations were expressed after the 
tell collapse of Jeans hypothesis; they were frequently ingen- 
15, py ious conjectures and suppositions, but without sufficient 
seda grounding. s , l l 
soli The work done in the last ten years in the Soviet Union 
r th tas greatly contributed to the development of cosmogony. 
a Ùn his numerous investigations Academician 9. J. Schmidt 
{developed the idea that the Sun had seized part of a dust 
‘| meteor cloud and regarded the mechanism of its transfor- 
"| mation into separate condensations—the future planets—as 
‘la result of mutual collisions and “adhesions” of the dust 
particles. Proceeding from these considerations and accept- 
ing some simplifying hypotheses he deduced mathemat- 
J ically the basic regularities observed in the solar system. 
A, Lebedinsky and L. Gurevich considered an analogous 
problem of the formation of the planets from an initial 
diffuse medium by assuming that the Sun was originally 
surrounded by a rather dense gas and dust nebula which 
soon acquired the shape of a very flat disk. In this disk, 
owing to its low temperature, the entire gas “froze out” 
by settling on its dust particles. The break up of the dust 
disk, Which had thus originated, into separate massive bod- 
ês With regular intervals between them is connected, ac- 
ne to the authors, with the motion of the particles 
“ong elliptic orbits with a certain degree of elongation. 
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The idea of a direct mechanical interaction of the 
$ E : : Parti 

in the initial gas and dust medium is also advanceg Mig) sun 
case. my 

Then V. Krat supposed the existence of a primary dj 
cloud, mainly of a gaseous composition, of which aa ye 
very small part formed the planets, while the reise torbi 
mass was dispersed in space as was also a conside o 
part of the solar mass. a ie 

Thus, leaving out the details of the process of the ori p 
of the solar system, nobody doubts any longer thay ir: 
planets formed from some sufficiently dense gas and qi Fey 
medium which originally surrounded the Sun. As Tega) the 
the origin of this cloud there has been no agreement Ur 
recently and this question was not given any Considerati 
at all. But today the cosmogony of the planetary syste 

stands on a solid foundation owing to the recently ¢ 
tained results concerning the process of formation of ste 
and, consequently, the Sun. The initial conditions of i 
origin of planets are becoming sufficiently clear and me 
no longer serve as the subject for ungrounded conjectur 
and scientific fantasy. 

We have seen that the fully formed stars possessi 
normal properties are still immersed in the general medi 
of gaseous matter. The process of star formation now td 
ing place in some regions of the Galaxy vividly sho 
that during the first epochs of its existence the Sun w 
a massive and rapidly rotating star surrounded by tt 
same gas and dust medium from which it had itself orig 
nated. It was from this medium, which could not unite inl 
one central body because of its excessively rapid rotatiu 
that the present-day planets had formed. 

Only those of the many forming condensations “sul 
vived” and gave rise to planets, which were subjected! 
the least perturbations. The use of this simple principle? 
least interference makes it possible to find the correct dis- 
tribution of the planets according to the distance from tt 


` 
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and explain the characteristic features of the systems 
Bei janets sufficiently massive to be fit for the de- 
an AA ent of life cannot revolve around their Sun along i 
oni va close to each other. The intervals between the orbits |) 
main y neighbouring planets must necessarily be sufficiently il 
tla ‘roe and the planets receiving radiation from the Sun | 

ete herefore, find themselves under absolutely different 


t, t 5 5 ] 
m perature conditions. The number of planets in one and i 
i fe same system may be sufficiently large, about ten, but | | 


ew of them may have the conditions favouring 


very f 
gay and maintenance of life. 


the origin 
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Chapter IV Ma 
sions 
GENERAL CONSIDERATIONS OF THE STRUCTURg | ° d 
AND EVOLUTION OF THE ATMOSPHERES OF THE tude 
EARTH AND PLANETS S 

el 


It is well known that all gases tend to take up the greg, follor 


est possible volume due to the haphazard and independ 
ent motions of their molecules. The Earth and some othe 
planets, therefore, have sufficiently dense gaseous atmos} 
pheres only because gravity prevents their dispersion i 
space. At the same time all gases at a certain temperatur: 
have a more or less considerable reserve of kinetic energy. 
The higher the temperature the greater the ability of the 
gas to expand, since its molecules move at a greater speed) in 
At a temperature of absolute zero the gas molecules would 
lose all motion and would have to fall on the surface of the 
planet. Due to the continuous and quite elastic collisions 
with each other a constant redistribution of velocities ot 
curs among the individual molecules, but in general the 
mean velocity of the molecules of a given gas is repre 
sented by the following simple formula: 


ney tt 


where T is the absolute temperature, p is the molecular 
weight and k is some physical constant determined by 
Boltzmann and bearing his name. 
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ording to this formula we have, for example, the fol- 
Nee an velocities of molecules (in m/sec) for different 
a t a temperature of 0°C or 273° abs. 


oases a 
..; Molecular Nitrogen Oxygen Carbon Water 
i ea Hydrogen Dioxide Vapour 
; H N, O; co, H,O 
9 Ee 1,839 493 46l 392 708 


Maxwell has shown that as a result of the constant colli- 
‘ons among the molecules of the same gas the velocities 
distributed on both sides of the aforesaid mean magni- 
ic so that along with rapidly moving molecules there 
are also slowly moving ones. The relative number of mol- 
ecules with a certain velocity v is represented by the 
following expression: 
great} 


IRE 


— mu? 
Pend! Tits 
Othe N(v)=CNe Š 
tmos.} ə 


onil where C is the constant, depending on the mass of the 
atur] molecule and the temperature of the gas. This expression 
ergy| may be represented by the following diagram (see fig. 29). 
f th} This distribution of Maxwell’s is 
peed! inevitably established in a very 
youll short time in the case of a suffi- 
of the) ciently dense gas, but may not take 
sion} place at all if the gas is very rare, 
$ 0c} in which case the molecules collide 
l the) very seldom and the free run, i.e., 
epre-| the interval between the successive 
collisions, becomes comparable 
With the total volume of the given 
gas. In the real planetary atmos- Fig. 29. Maxwell’s 
pheres the condition of sufficiently distribution of velocities 
cult \frequent collisions is always ob- 
1 by #’erved and, therefore, the distribution of the velocities of 
Individual molecules and their mean velocity are fully 
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determined by the temperature of the medium and | 
molecular weight of the gas. j h; 
If the velocity of a given molecule is sufficiently high; 
may under certain conditions avoid the gravitational ` a 
fluence of a planet and escape into interplanetary A We 
This is the process of dissipation which in some meta, a 
occurs constantly and leads to a gradual diminution of theater 
masses of gas shells around the planets. We shall now conill in 
sider this dissipation in greater detail and discuss its pogeount 
sible effects during the existence of a planet. | This 
We shall begin with the fact that any body near thyonly ir 
Earth’s surface is subject to acceleration of gravity equate W 
to 9.8 m/sec and that in the very first second of free fajto He 
passes 4.9 metres towards the centre of the Earth regard not 
less of the direction of its motion. Let us assume that (000% 
body was ejected in a horizontal direction; in this case jj at p 
trajectory will curve in the direction of the Earth’s surfa a 
and, as we Can easily figure ow, p i 

this curving at the velocity i ; 

‘motion of 8 km will precisej nae 

correspond to the curvature ¢ Earth. 

the globe. Consequently, a bod) for th 

ejected at this velocity (dis Rar 

counting the resistance of th fede 

atmosphere) cannot fall to th 

‘Earth and will revolve abouti 

‘along a circular orbit. If th 

‘body is ejected with twice thi! ,, 

force and, hence, if it has: 

Fig. 30. Distortion of the Velocity of 11.3 km/sec it wil 
trajectory of a horizontally lose all connection with th 
movingibody Earth and will move away frot 


quire: 
the li 


sion and can be easily calculated for any planet: 
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l th CME 1 3/ km/sec, 


Vescape— R 


a M is the mass of a planet and R is its radius ex- 
here the units of mass and radius of the Earth. 

Pate, ypssed ae obvious that any molecule, which moves at a 
ari parabolic velocity with respect to the Earth, 
«1 inevitably escape into cosmic space if it does not en- 
ulin’ ome obstacle, as, for example, other molecules. 
punter “ae of gas into space may, thus, actually occur 
pe ie highest atmospheric layers where the gas is 
l e the length of the free run becomes comparable 
, ius of the planet itself and where the molecules 
i not, therefore, necessarily encounter other molecules. 
I dually rising higher above the surface of the planet we 


molecu ? 
Ei appear between them and that these voids expand 


ne higher we rise. For the Earth’s atmosphere such voids 
near the zenith, the so-called cone of escape, begin at the 
altitude of 400-500 kilometres above the surface of the 
Farth. Thus, it is only here that the conditions necessary 
Dot or the dissipation of gases into cosmic space are on hand. 
(dis for such dissipation actually to occur, i.e., for a molecule, 
of the headed for the cone of escape, never to return it also re- 
to thi quires, as we have already said, a velocity higher than 
out ll the limit parabolic speed, which for the Earth equals 11.3 
If th km/sec. Theoretically each gas, which is subject to Max- 
ce th well’s distribution of velocities, will have a certain num- 
has ‘Iber of molecules with such high velocities, but the relative 
it Wil number of such molecules very rapidly diminishes as the 
h th molecular weight increases or the temperature lowers. 
y ftoh Hence, if the mean molecular velocity is considerably 
which lower than the parabolic, the process of escape will occur 
av xtraordinarily slowly because only a very small part of 
xp gall the molecules can participate in it. At the same time, 
alter the fastest molecules escape into space, Maxwell's 


urfac: 
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distribution will, apparently, be upset and it wil] Ibe 
time before the mutual collisions of the remaining a 
ty 


cules restore it. But then a new similar part of mol 
with high velocities will result and they will again be 
to escape into space. If only a very small part of the A 
atmospheric mass participates in the process of dissipa? 
it may be assumed that ever new molecules with Maxwal 
distribution of velocities are constantly fed from bel 
to the rarefied atmospheric layers and on the bag 
this the speed with which this process occurs can þ 
culated. 

Jeans was the first to make such computations. He} 
shown that the length of time the atmosphere of a air 
planet can exist greatly depends on the mean molec 
velocity of gas, namely, if the velocity of escape is fo 
times that of the mean molecular velocity the atmospha 
will almost fully disperse in space in 50,000 years, i.e Mans 

a of aR 7A Jupite 
a very short geological period of time; if the aforesaid raio, Salur 
equals 4 1/2 the atmosphere will last 30 million years; ag Uram 
finally, if the velocity of escape is five times as great; N 
the mean molecular velocity full dissipation of the atmo 
phere will require the enormous period of 25,000 milli 
years, which considerably exceeds the age of the Eartha 
the planets. On the basis of these calculations we will, thu 
assume that the criterion of full preservation of the atm Moor 
phere is a value of the mean molecular velocity which mi| Trito 
constitute no more than 0.2 of the velocity of escape. the 

This mean molecular velocity depends for each gas, t P 
has been shown above, on the temperature of the plane 
while the temperature is determined, everything else bein 
equal, by the distance of the planet from the Sun. For thi 
reason the mean molecular velocity generally diminish 
in proportion to the distance from the Sun: 


Diy 


S for the 
€ cijollowi! 


p 
Mercit 
Venus 
Earth 


ue 
4 ’ 


where r is the radius of the planet’s orbit. 
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to this the distant planets are in much better 
for retaining their atmospheres than the ones 
un. It may be assumed that the ability of a 
in its atmosphere is characterized by the 


owing 
tions 


Vescape [4 + 


b : 
e the different planets of our solar system we obtain the 
or 


be Following figures: 


Planets Vescape (km/sec) | vescape r—l/4 

raamo o o > pa ae 
We o e a Hes e 
Earth 5 | ee 
le — 61 92 

draio, Saturn o ooe SE Se 

sang Uranus. e + ss tt 53.8 56 

a) em sei 27 

w aa oe tt 

atmo; 

millic 

rth an Satellites Yescape (km/sec) | vescape r—l/4 

1, thu 

A a ts | ad 2.4 

hmv} Triton (Neptune’s satellite).} 2.8 6.6 

e, Titan (Saturn’s satellite)... 2.8 5.0 
Jupiter’s satellites I 2.4 Boll 

Bas, + Il 2.1 3.1 

Jane} Ill 2.9 4.4 

h bein IV 2.4 3.6 

‘or thi 

inishe Vey 


As has been pointed out, the magnitude, escape " 
xed in this table, characterizes the ability of a planet to 
jin its atmosphere under conditions of its thermal equilib- 
m and in some measure allows a comparison between 
€ different planets and their satellites. 
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According to this table, we can say, for example g 
under the existing temparture conditions the Earth temp® 
easily retain any gas, even the lightest—hydrogen, sinal rje O 
mean molecular velocity of 1.8 km/sec is much lower j sible 
the 20 per cent of the velocity of escape. 

Contrariwise, our Moon should have lost all its gae? 
Only those, whose molecular weight exceeds 60, ay 
have remained on the Moon. Of these gases sulphy, 
oxide SO, with a molecular weight of 64.1 possibly exists 
the Moon since it is usually connected with volcanic ag the fa 
ity. Very small amounts of such a gas with an equiva, apsolv 
thickness of only 1 mm in the atmosphere are capabl is exti 
producing sharp lines of absorption in the region of! only a 
spectrum 3000-3100A. However, Kuiper’s searches | which 
such lines of absorption in the spectrum of the Mp consté 
proved fruitless. It is, therefore, unreasonable to expel during 
any lighter gases on the Moon. All 

It should be noted, however, that the real conditions arges 
the atmospkere’s dissipation into space are much min the 
complex than represented in the above table. In the fiy and h 
place, the temperature of the layer of escape, which ij oxyge 
the Earth lies at the altitude of 400-500 kilometres, is! under 
no way determined by the temperature of the Earth’s s Venus 
face. At different altitudes of the Earth’s atmosphere th retain 
temperature in large measure depends on the chemi 
composition of the atmosphere and on the interaction! 
the molecules of various gases with high-frequency qual. 
of solar radiation. It is well known that beginning at4 
altitude of approximately 100 kilometres the oxygen of t 
Earth’s atmosphere exists in atoms, rather than in mo 
cules, and in the extremely rarefied air and, consequent! 
relatively rare encounter with other atoms and molecul 
is able to retain its state of excitation only under spe 
conditions. An excited atom of oxygen left to itself und y pa 
these conditions may give up its energy charge to any other fbit 
atom it collides with, in which case the latter increasês ie Th 
kinetic energy with the resultant rise in the atmosp 


rises 
hundr 


here} day q 
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erature. Thus, the temperature in the higher layers of 
osphere may rise considerably higher than is pos- 
e on the very surface of the Earth, in this way facilitat- 
er tt ing the dissipation of gas, which happens to take place pre- 
i at those altitudes. Observations show that the tem- 
gacMprature of the Earth’s atmosphere reaches its minimum 
GF an altitude of about 80 kilometres, then continuously 
hur ises and at very high altitudes may reach even several 
cists hundred degrees C. This may, in all probability, explain 
acti ihe fact that the lightest gases—hydrogen and helium— 
ivak! absolutely cannot exist in a free state on the Earth. There 
is extremely little helium in the free atmosphere, namely, 
Of ù only about five-millionths by volume at the Earth’s surface, 
es {| which is much less than could be expected considering the 
Mol constant emission of this gas as a result of radioactivity 
expe during the long geological epochs. 

All the foregoing warrants the following conclusion: the 
ionsolargest planets of the solar system can retain all gases 
1 mon their present state. The Earth is losing free hydrogen 
he fi! and helium, apparently, because of the presence of atomic 
ich if oxygen at high altitudes, but could retain even these gases 
s, is} under the temperature conditions prevailing on its surface. 
1's al Venus is approximately in the same state. Mars can easily 
ere tt! retain an atmosphere of molecular oxygen and nitrogen, 
emi] and, especially, of carbon dioxide, but free hydrogen should 
tion have very rapidly dissipated into space and for this reason, 
quanl as it may be assumed, even its compounds with other ele- 
> at ij ments, primarily with oxygen, cannot abound on this planet. 
On Mercury there can be no air shell at all. Owing to 
i their small mass all satellites of the planets, save Titan, 
wuent!} the most massive satellite of Saturn, which in addition has 
lecult) avery low temperature, are in very unfavourable conditions 
spec, for retaining air mantles. The more so must the numerous 
f unde steroids, which revolve mainly in the interval between the 
y olleitbits of Mars and Jupiter, be deprived of atmospheres. 
ases@ The foregoing considerations are based on the present- 
phet?} ‘ay properties of the planets, particularly, the Earth. They 
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very well define the conditions under which the aly : 
existing atmospheres are retained and point out that. 
atmosphere composed of a definite gas is either full 
tained through geological epochs or is dissipateg, As 
matter of fact a very small increase in the mean molecu 
velocity suffices to reduce the period of possible dispa 


tion manyfold. , ; 
These considerations, nowever, do not directly Der {P 


to the problem of the initial conditions in which the plan 
line c 
ing di 
pure 


found itself when it had already formed as a fully sy 
body. What was the temperature of its surface at the tin! 
Was the planet a fiery-liquid body as most of the Seologig 
very recently believed, and partly still do, or was the pla 
etary mass originally absolutely cold and heating on fons 
gradually because of the radioactive disintegration Darti must 
ularly intensive several thousand million years ago? ç Ne 
we assume that the negligible content of inert gases yj! sary | 


even 


. a big molecular weight—neon, argon, crypton and Xenon'yg/cr 


in the present-day atmosphere testifies to the high temper; 400 
ture of the primary Earth? We have already offered arg kg/cr 
ments against such a conclusion. The almost comple: while 
absence of these gases was, apparently, conditioned by th prope 
enormous escape of hydrogen which carried away withi speci 
all the other elements of the original atmosphere. centr 

The present state of the Earth was, in all probabilit! cann 
determined by the conditions of its formation from th tivel 
primary condensation during the early stages of which ti Th 
hydrogen and the light elements, in general, escaped. Frog catio 
the point of view of the theory of planetary origin from) temp 
primary gas and dust cloud, which surrounded the sole begir 
condensation, a high temperature on the primary Earth}; moy 
out of question. On the contrary, formation of stable o have 
densations was possible, as we have seen from the for strat 
going, only at a very low temperature of the gas and ENS 
cloud. Subsequently, as the condensations grew denser “© jal 
temperature rose, which, in all probability, deter 
escape of hydrogen into space except the quan 
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ed to form stable compounds with other elements, 
with oxygen. j 
a result the heavier and refractory elements with a 
l. As uae amount of gases occluded in them remained and 
lease ed the present Earth. The Various compounds inside 
diss; garth were determined mainly by conditions of high 
If ure and occurred chiefly in the direction of lesser 
Eiet volume. Thus, for example, since a usual iron 
occupies a much smaller equivalent volume than 
lihe compound of iron and oxygen Fe,O, conditions favour- 
imig disruption of the molecular bonds and the isolation of 
Ine iron were created in the deep interior of the Earth 
: Be without any high temperature. All the chemical reac- 
ions under the tremendous pressures inside the Earth 
parti must have occurred in accordance with this principle. 
0? C According to Parson's calculations the pressure neces- 
es Wit sary for the dissociation of ferric oxide constitutes 570,000 
ENON \ko/em?, which corresponds to a depth of approximately 
empeng; 400 kilometres. A greater pressure, about one million 
d arg kg/cm?, must disrupt the electronic shells of the atoms, 
omple while any substance acquires electroconductive “metallic” 
| byt properties and at the same time considerably increases its 
with’) specific weight, which is precisely what occurred in the 
central core of the Earth. A similar “metallic” dense core 
pabilit! cannot develop in planets with a small mass and a rela- 
‘om th tively small pressure in the centre. 
hich th} Thus, from the point of view of the observed stratifi- 
d. Frol cation of the globe there is no reason to believe that the 
from: 
1e Sol beginning and that considerable convectional currents and 
Earth! movements of substance of different specific weight could 
ple coj have taken place inside the Earth. On the contrary, this 
he fot stratification is explained mainly by the effect of pressure. 
nd du Nevertheless the internal body of the Earth has a substan- 
nser Ùe Jal reserve of energy and is not in a quiet state even today. 
ined th@lountains repeatedly rose and were later evened out again 
ity W Y water and wind erosion many times during the evolu- 
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tion of our planet. There were four large cycles of ha 
tain formation in Europe, namely, before the Cambr pas ti 
during the Silurian, at the end of the Carboniferous rane F 
in the Tertiary periods with 5 or 6 small ones in betw t is A 
According to Holmes there was a total of 20 cycles. a 
mountain formation in Europe, including the smal] ong 
and approximately as many in America. The rise of moh 

tains as a result of folding was followed by long perio 
of denudation, erosion and levelling. 

Thus, since the earliest epochs of the existence of th 
Earth traceable by geological data the Earth’s crust hel nasseS 
been in motion which now intensified and now dieq dovnlind tha 
How deep in the Earth does the prime cause of these m i man 
tions lie? It may be asserted that the depth by far excep earthqu 
the thickness of the Earth’s crust and corresponds to th Thest 
deep interior of the Earth. Such assertions are warrant 
by the astronomical investigations in the changes of th 
length of day. 

The studies of Jeffreys, de Sitter, Braun, Clemence, et a, rupture 
have shown that the rotation of the Earth gradually slow ita de 
down mainly under the action of the tidal forces of th fislocat 
Moon and the Sun. This slowing down is not uniform, howl 
ever. The deviations in the length of the day are expresse 
only in thousandths of a second. This necessitates an al 
teration in the relative moments of inertia of about 10+ 
The greatest relative change in the moment of inertia or 
curred in 1897 and constituted 4X10-8. These change 
occur rapidly, the entire change lasting but few months 
2-3 years at most. The dates of seven similar changes ï 
the velocity of the rotation of the Earth, and, hence, in th 
moment of its inertia, can be pointed out since 1667. This 
important phenomenon needs an explanation. 

If the entire mass of the Earth had taken part in the d 
formation of 1897 the radius of the Earth should hae. 
changed by only 13 cm. Contrariwise, if we assume, 3- Mount 

cording to Braun, that the change occurred only in th 
surface layer 80 km thick while the rest of the Earth 
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shad not changed at all, the radial displacement along 
p ire spherical surface would have constituted 5-6 m. 
Ja a absolutely impossible, however, to assume that these 
ea : simultaneously affect the entire surface of the Earth. 
es gigis much more natural to suppose that they occur as a 
on ult of local deformations, for example, under individual 
nowggntinents. In this case they should be much greater. With 
riogh layer 80 km thick the loce radial displacements should, 
erhaps, extend over hundreds of metres. This has never 
f thlheen observed. It necessarily follows that considerable 
t halmasses of the Earth take part in the radial displacements 
lowland that the seats of these displacements arise at a depth 
of many hundreds of kilometres. The seats of hypogene 
cee arthquakes precisely correspond to this. 
oth) These hypogene seats of earthquakes were discovered, 
antelior example, by A. Zavaritsky near Kamchatka, under the 
f ttasian Continent, at a depth of about 600 kilometres. The 

ventres of volcanism are located in the same plane of 
et alfupture at an angle of 30° to the surface of the Earth and 
slows ata depth of 150 km. Similar hypogene seats of tectonic 
f th dislocations have been discovered in many regions of the 
ho globe. 
ess Thus, all the similar data indicate that the main mass of 
$ “| the Earth is not in a state of thermal equilibrium as would 
ty be the case with a cold body surrounded by a radioactive 
A radiating shell. 

On the contrary, it turns out that powerful processes 


nth 
p| tke place at great depths, that they are reflected on the 


es it 
a th surface and shake the whole planet. 
Thi} Hence, there are no reasons to believe that the primary 


Earth was an absolutely cold body though it was surely 
‘tin a burning hot state. This idea of the relatively high 
temperature of the Earth, which at the deepest layers 
mounts to 3,000°C, according to seismic data, even today, 
3 also confirmed by the distribution of radioactive 
rhif “ements on the Earth. 


135 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


It is known that uranium, the heaviest element, COMME ee 
trates mainly in the acid rocks, basalts, but the basic n t01 


a . ie . 5 C 

have relatively very little of it. It is widespread in Brani e 

enriches water solutions and is, therefore, found ; : on 
m 


j r in the Earth th 
sedimentary layers. The deeper in e less yA 
nium. The old lavas erupted from great depths Contain i T 
negligible quantities of it, the younger lavas—much re a 
quantities. There is approximately 100 times as little i Be 


in meteorites as in basalts. ae 
It is but natural to assume that whatever the format! Thi 


of the Earth, in the beginning the radioactive Substang, oxy 
must have been distributed in it evenly. In the Process, a 
the further evolution of the Earth these radioactive gy ie z 
stances, despite their extremely high atomic weight, se e 
arated themselves from the central and intermediate pari solar 
of the Earth and formed a relatively thin surface layi millio 
concentrating mainly on the continents. This process, in the 
differentiation is, apparently, connected with the Dor, was i 
ability of uranium to form compounds with other elemeny in th 
but it must at the same time also be determined by certai part € 
intensive circulation of substance between the deep an atmo: 
surface parts of the Earth. These currents cannot take plat proof 
without sufficiently high temperature. Otherwise, with th ing tt 
pressure of hundreds of thousands and even millions erties 
atmospheres and with a correspondingly tremendous vij We 
cosity, so complete an enrichment of the upper layers) throu 
uranium at the expense of the main mass of the glo evolu 
would have been impossible. We can add to this that th velop 
modern ideas of the nature of terrestrial magnetism al under 
spring from the supposition that there are intensive Citt) bette 
lating currents in the internal liquid core of the Earth. | on th 

We must, thus, apparently, assume that the Earth he 
formed from a sufficiently cold protoplanetary cloud ah 
was originally one of its condensations. In the process? 
compression this condensation must have become heatt 
which made for the loss of the light gases, hydrogen ne 
first place. Oxygen persisted in considerable quantities 
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normous chemical affinity in combinations with 
carbon and many other elements. During the 
an . a» of the hard crust and later in the process of nu- 
nitel formation OF ive volcanic eruptions the Earth received 
in erous and intensive l p ne sar receive 
: r 4 at deal of water vapour, carbon dioxide and other 
din ee which separated themselves from the liquid magma. 
reat nese newly separated gases formed a secondary gas shell 
e off about the Earth. This shell is not massive; it constitutes 

newhat less than one-millionth of the mass of the Earth. 
ahs secondary atmosphere of the Earth had no free 
| oxygen and, hence, no ozone at all. It is now generally 
recognized that free oxygen in the Earth’s atmosphere is 
i] the result of the activity of green Plants and seaweeds, 
‘| namely, the product of photosynthesis. Under the action of 
solar radiation carbon dioxide split over a period of many 
millions of years into carbon and oxygen. Carbon was used 
in the building-up of the organic substance proper which 
> por, was in large measure buried in the interior of the Earth 
omen in the shape of coal, peat and oil, while Gxygen formed 
ij part of the atmosphere. The presence of free oxygen in the 
atmosphere of the planet is, thus, direct and incontestable 
proof that the planet has a biosphere capable of transform- 
ing the composition of the atmosphere and even the prop- 
erties of the surface of the planet. 


One t0 its € 
5 To pyaroge 


| through a long course of evolutionary development. This 
evolution is very closely connected with the origin and de- 
| velopment of life. Knowledge of the original conditions 
‘| under which our Earth existed is of great importance to a 
| better understanding of the origin and development of life 
on the Earth and on other planets. 
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Chapter V 


PHYSICAL CONDITIONS AND POSSIBILITIES 
OF LIFE ON THE MOON 


Soon after the invention of the telescope and its use ; in 
investigating the celestial bodies it became clear that th 
nature of the Moon sharply differs from that of the Earth) «clin 
that there is no water, clouds, air nor, generally, any of. icon 
the most necessary conditions for the existence of life on» An 
it. As far back as 250 years ago in his book Entretiens sy Amer 
la pluralité des mondes Fontenelle wrote the followin ularit 
concerning the nature of the Moon: Africi 

. The Sun raises neither smoke nor vapour above th: ist pu 
Moon: It must be a heap of wild rocks and marbles which ie G 
never emit any vapours. It is so natural for them to b made 
where there is water that where there are no vapours ther great 
cannot be any water. Who are the inhabitants of those will plane 
rocks that cannot produce anything and the land that has those 
no waters?” Thus, it was perfectly clear to Fontenelle tha form, 
there was no water or air on the Moon. Hence, it was quilt with 
reasonable to conclude that there could be no forms of life 
at least no highly organized forms. But the desire to peopl 
every cosmic body with living and even thinking bein i 
was so. great that even sober scientific research could n 
Al resist it. The tendency to people the Moon with some forms 
i of life at all costs has continued to-date. 


forms 
120 y 


138 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


the proponents of the idea of life on the Moon in the 
inning of the 19th century were the well-known astron- 
e8 rs Schröter, who made extensive observations of the 
oe and Herschel. Both of them enjoyed great scientific 
Prony: In 1822 the German astronomer Gruithuisen, the | 
hunder of the meteorite theory of the origin of, lunar cra- [| 
ters, declared he had discovered a lunar city on the border 
of Sinus Media near the central lunar disk. Gruithuisen 
wen gave a detailed description of this imaginary city. | 
only later did the investigators of the Moon Beer and Mäd- | 
ler show that it had all been no more than fancy, a desire | | 
to find some grounds for the assumption that the Moon is I 
inhabited. Beer and Mädler were the first to establish that | 
the Moon could not be inhabited, at least not by the higher 
forms of life. It is interesting to note, however, that only 
120 years ago broad sections of the people were very much 
inclined to believe that multiform life existed on the 
Y dl Moon. 
feor An interesting example of this is the mystification of an 
S Su!) american journalist who took advantage of the great pop- 
Win} ylarity of astronomer John Herschel and his trips to South 
' | Africa to observe the unstudied southern sky. The journal- 
ist published in the New York Sun a striking account of 
IÍ the discovery of remarkable forms of life on the Moon 
i made by Herschel with the aid of a 20-foot telescope, 
thet sreatly magnifying and illuminating images in the focal 
‘Wilt plane. The descriptions of ape-like people with wings, like 
a those of bats, and even stranger creatures of spherical 
aa form, who were coasting down the slopes of mountains 
; with great speed, struck the imagination of the credulous 
| readers. 
_ The newspaper, which published these accounts, rapidly i 
Increased its circulation severalfold. Such serious publica- 
tions as the New York Times and the New Yorker declared i 
a these discoveries of Herschel’s had launched a new | 
in observational astronomy. 
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All this nonsense was, of course, denied by Hersch 

soon as he found out about it, but it is important ; al, 

that such inventions fell on very favourable Soil, Ono 
Petersburg, too, had its sharp journalist who publi [ 

a book on the inhabitants of the Moon in Russian 

described Herschel’s “discoveries” even more pert} Hel 


appearance of this book was severely criticized Thy 
V. Belinsky who thought it was a mockery of science if 


Though the existence of thinking beings on the Mol & 
was disproved by the works of Beer and Madler 
existence of animals and plants was until very recent i 
considered probable. William Pickering, the Well-knoy 
astronomer of the end of the 19th and the beginning of t 
20th centuries, found in the lunar crater of Eratostheng 
which closes the Apennines, a number of Strange day 
spots. The spots showed regular changes and even di 
placements in every lunation. He offered an explanatio 
(1924) according to which these spots were swarms a 
insects. He thought the spots in their size resembled th 
herds of buffalo a lunar astronomer might have seen y ; 
the vast prairies of North America about a hundred year | 
ago. The great authority enjoyed by William Pickering 
commanded attention to his strange hypothesis, but toda 
no one takes it seriously any more. 


lunation were observed, for example, in the craters 0 
Endymion, Grimaldi and Riccioli. Thus, for example, spots 
observed in the Endymion appear more grey than the ger 
eral tone of the crater’s bottom; they expand or narrov\ 


down and even disappear depending on the rise of the Sut 
over the horizon. The same W. Pickering was sure it wg 
all determined by developing and dying vegetation. 
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Fig. 31. Apennine Mountains 
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In another crater, Aristyllus in Mare Imbrium 
Showers), Pickering discovered two parallel bans’ pe 
named canals, whose contrast grows as they are hen ) 
the Sun rising over the horizon. Recently Moore edy I 
out an interesting phenomenon of a similar nature 4 
the well-known crater of Aristarchus, the brightest md 
on the Junar surface well seen in an ashy light a T T 
the unlighted part of the lunar disk. en exo 

As early as 1868 Phillips found that when the Sun 

over the bottom of the crater of Aristarchus andi : 
shadows, cast by the banks, grew sufficiently short, it 4 on 
possible to see very weak dark radial bands in it 1 p 
bands gradually grew darker and became more distin bit 
In large telescopes one could see these bands divided a nati 
a number of separate small spots. During their greate 
development, as Moore points out, they first reach t 
internal banks of the crater spreading out from its cent, 
and then even transcend the banks into the surroundin| 
terrain. Such “changes were also observed in the smal 
crater of Birt, situated in the southern part of the i 
disk near the well-known “Straight Wall”; in 1949 Moor 
discovered similar bands of variable intensity in the crate 
east of Bullialdus in Mare Nubium, etc. According i 
Moore, 20-25 analogous craters can be pointed out, by 
Aristarchus is the largest and most accessible. 


pio! 


pil, 

Cri 
luni 
pro! 
wei 
Moi 
hen 
whe 
If t 
luné 
circ 
eno 
Mor 
Cau 
crat 
wal 
the 

| of t 
M 


142 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


ds that this lunar vegetation is absolutely different 
“al that on the Earth. 

A goes without saying that all these considerations fail 

j Poing o take into account the specific features of living matter 
e insiynd the conditions it requires for its origin and existence. 

test Spey The authors of these statements may be somewhat 


He hol 


piology: TE 
or a more detailed consideration of the problem of life 


on the Moon we shall first dwell on its physical properties. 
| yen the naked eye freely discerns numerous dark spots 
on the lunar disk which have been given the names of seas, 
distin: put which are really basins of hardened lava of a glass-like 
ded in) nature. These spots were named by Riccioli, Galileo’s pu- 
greate pil, who was the first to put them on the map. The Mare 
ach tH Crisium, the isolated oval sea visible on the edge of the 
lunar disk several days past the new Moon, was, in all 
probability, given its mame because sharp changes in 
weather were connected with the position of the new 
Moon. These “seas”? mainly concentrated in the northern 
hemisphere of the Moon form a continuous band every- 
where always maintaining an approximately circular form. 
| If the Mare Crisium were located near the centre of the 
| lunar disk we should see it in the form of a rather regular 
circle. The same can be said about the Mare Imbrium, the 
enormous plain, bordered in the South by the Apennine 
| Mountains, the highest mountains on the Moon, the 
‘| Caucasian and Alps Mountains in the West, a number of 
| craters and ring mountains, of which Plato and the steep 
wall of the Sinus Iridum bay are particularly visible, in 
| the North, and gradually merging into the general surface 
| of the Oceanus Procellarum in the East. 
| Mare Tranquilitatis, to some extent Mare Serenitatis and 
.\ other maria also have a similar circular shape if not too 
deformed by other overlying formations. The circular form 
e depressions is generally the most widespread type of 
Mnar relief. Among the immense maria nearly a thousand 
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kilometres in diameter, ring mountains—plains surro 
by a ring wall—craters and, finally, hardly Visible hollo 
pores, one can trace the continuous succession of fom’ 
tions. The large ring-shaped mountain like Grimaldi nA 
way differs from a small sea in form. Nor is there any ad ; 
ference between a small crater and a pore. Through a = 
dium-sized telescope one can count at least 40,099 at 
formations on the part of the Moon which faces US. Son 
of them came into being earlier, others later, anq often 
destroyed the existing walls. Mountain ranges surround 
mainly the edges of the lunar seas and are al] withow 
exception of a fault nature, i.e., consist of separate peaks 
dislocated in a vertical direction in relation to each Other, 
Apparently, the surface of the maria hardened after the 
formation of the mountainous parts, including the moun 
tain ranges; this is evident from the fact that some of 
them partly settled and dissolved, as it were, in the sur. 
rounding plain. It is in this fault nature of the lunar moun: 
tains that they differ radically from the mountains of they 
Earth which are, as a rule, built of folds, frequently very 
intricate. 

In addition to the ring formations and separate peaks, 
especially well seen in the maria, under favourable lighting 
one can observe long cracks—rills—on the Moon which, 
ordinarily, have nothing to do with the relief of the terrain 
and sometimes even cross the craters. Such, for example, 
is the well-known cleft of Hyginus which crosses a crater 
of the same name and is well seen in the central part 
of the Moon near the first or last quarter. Near the crater 
of Triesnecker the entire lunar surface is covered witha 
dense network of cracks visible even through a small 
telescope. 

Under the illumination created in the central part of the 
lunar disk it is sometimes easy to see that the cracks, the 
fault lines are oriented in the same direction over a cor 4 
siderable area (particularly remarkable is the so-called 
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| Straight Wall near Purbach). All this shows t 
| formations are due to internal causes. 

Despite the enormous development of geology in they, | the ] 

decades no new explanation of the formations on the tae 


surface has been advanced. The so-called Meteorite a „aral 

ory of the formation of the lunar craters, first prop site 
Sé; 
Jina 


Fig. 33. Rill of Hyginus 


by Gruithuisen in 1824, is still seriously debated today. diffi 
This theory was soon forgotten but was later revived by) ™™ 
the English astronomer Proctor, who in his subsequen| °M 
works rejected it himself. It is, nevertheless, supported by| t02 
many astronomers even in our time. The Face of the Moon, cent 
a voluminous book by Baldwin in which various arguments ai 
are cited in its favour, is devoted to this theory. mt 

Individual circular craters could, no doubt, have formed meti 
as a result of the fall of large meteorite masses as was tht à 
case in some regions of the Earth’s surface. In these casts “. 
however, no formations with the profile of lunar ring 
mountains and, especially, central hills, result. 
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ne following principal objections may be made against 
Meteorite Theory. Firstly, the lunar craters show a 
ain regularity of distribution. The smaller ones are 
d mainly along the edges of the walls of the large 
> The:\ ing mountains. Double craters are frequently encountered. 


the 
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; Es or pores. But the meteorites should have fallen more 


or less accidentally and should not have left systematic 
races Of their falls. Secondly, various layers belonging to 
different epochs can sometimes be observed in the same 
formation. Such, for example, is the well-known Coperni- 
cus crater studied in detail by geologist Spurr. Thirdly, the 
central hills in the craters have, as a rule, small openings— 
yolcanic craters—on their tops. Baldwin had counted 12 
of these openings on the tops of the central hills and calcu- 
lated that if they had also been formed by a fall of mete- 
orites there should have been about 15 such cases for the 
| entire lunar surface, which seems to correspond to the 
facts. However, Wilkins and Moore have diScovered many 
new formations of this type with the aid of the greatest 
telescope in Europe—the 82-cm refractor of the Meudon 
Observatory and the 62-cm refractor of Cambridge Ob- 
servatory, so that at least 40 of these craters on the tops 
of the central hills are known today. If we consider the 
difficulty of observing them we can be sure that their real 
number is many times as great and that such craters of 
central hills constitute the rule rather than the rare excep- 
tion. This is the more obvious since the openings on the 
central hills are always encountered precisely on their tops 
and never on their slopes which should have been the case 
if they had been formed accidentally as a result of falling 
meteorites. 

At the same time a more detailed study of the lunar for- 
sages, \\Mations reveals numerous traces of tectonic and volcanic 
ring f2tivity. In certain cases the lunar craters turn out to be 
of a polygonal form; they-were formed along the lines of 
lupture more or less clearly marked by visible cracks or 
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| fault lines. Such are the numerous polygonal forms 
| the central meridian in the middle part of the lunar a 
and in the region adjacent to the North Pole, The: 

Se 


Fig. 34. Lunar calderas Ptolemaus, Alphonsus fan 
s and Arzachel teq 


i polygonal forms were studied in detail by Puiseux. As "| tion 
Be example we can cite the Ptolemaus Circus, which is a vast \ exar 
slightly undulating plain bordered by ledges of cliffs form jotus 
ing an almost regular hexagon. This entire terrain with tf app; 
Ptolemaus, Alphonsus, Arzachel, Albategnius, Herschel) the 
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S neg other ring mountains abounds in rectilinear faults 
T diy ian determine the form and distribution of the craters. 
They: “a can point out, for example, the long line of fault run- 
ag along the northern edge of Ptolemaus at a tangent to 

(ee al of Albategnius. This line abounds in numerous 
Gait craters which form a long chain. Such lines coincid- 

m with the contours of the craters or ring mountains 
P eine the abundance of small craters on their walls 


| which can easily be proved by a simple statistical calcula- 


tion. A 
Careful observation shows that the structure of the 


unar surface is determined everywhere by its tectonics. 
For example, on the rill crossing the Hyginus Crater there 
ae approximately 15 small craters. It is remarkable that 
the direction of the mountain ranges, valleys and other 
parts of the structure in this region is parallel to the north- 
‘ern part of this rill. Another rill is seen in the western 
part of this region at a considerable distance from Hyginus; 
fis rill is perfectly rectilinear and precisely parallels the 
southern half of the cleft of Hyginus. There are many hun- 
dreds of such cracks (rills) on the Moon and they are all 
connected with the relief of the surrounding terrain. Chart- 
ing these clefts partly open and partly manifest in the lines 
of the faults shows that they are located mainly in the 
region of the Mare Imbrium. A more complex combination 
of the directions of breaks is observed in the region of the 
South Pole. 

Of the other tectonic manifestations we can mention the 
frequently observed arrangement of craters in long chains 
and the above-mentioned characteristic “doubling,” when 

| We encounter side by side, mainly in the meridional direc- 
lion, pairs of craters which are very much alike, as, for 
\fxample, Autolycus and Aristyllus, Aristarchus and Herod- 
otus, Messier and Messier-A, etc. The reason for this is, 
Sen in the fact that both craters formed on one and 
Same tectonic line. 
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There are numerous traces of former volcanic activ: 
on the Moon. In a number of cases (for example vt 
region of Eratosthenes) the outer slopes of the caldera th 
the entire adjacent area for a distance of dozens of a 
metres is littered with erupted fragments. Further at i 
there are deposits of ash in the shape of a system of a : 
of a more or less regular nature. Lava fields are relative 
rare on the Moon. Geologist Spurr, who studied the Mo 
chiefly from the photographs of Mount-Wilson Observaton 
points out only two regions—Fontenelle-A near the Non 
Pole and in the centre of the Moon around a small on 
between Manilius and Hyginus—covered by a layer R 
dark basalt lava. The characteristic canal structure radial 
ly furrowing the outer slopes of the caldera Walls į 
encountered much more frequently. These radial lines at 
really depressions in the form of ditches. When the sy 
is in a low position they are well seen, but they disappex 
closer to noon, it creates the impression that a liquid hai} 
at one time run down the slopes of the craters and erode 
such canals—ravines. The only analogue on the Farth 
that can do a similar thing is water. It is possible thal | 
water vapours emitted in abundance during the eruption 
of the lunar craters condensed into water which ran dow f 
the slopes and without spreading far turned into vapou 
again. This can also explain the origin of the wide ani 
meandering furrows which, apparently, have nothing ti 
do with the cracks and lines of faults. These furrows (fo 
example, in the region of the Aristarchus and Herodotus 
Craters) arise from the crater and following the relief o g 
the terrain disappear on the surrounding plain. l 

It is interesting to compare the former volcanic activity 
on the Moon with the volcanic processes on the Earth 
Characterizing the enormous development of volcanist bs 
in the history of the Earth, Academician A. Pavlov ga \ 
the following examples: “The Columbia River and IS 
tributary—Snake River—cut over a long distance throug 
hardened basalt lava hundreds of metres thick, and ths 
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Fig. 35. Mountainous region around Tycho 
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lava covers a vast space 150-300 kilometres in diar 
with no traces of volcanoes which poured out this Ta 
if the lava simply came out of cracks in the Earth’s vaa 
and flooded an entire region burying its origi 
Still more remarkable is the ancient lava eruption ; 
region of the upper reaches of the Yellowstone Rive 
site of the famous Yellowstone National Park Occu 
an area equal to one-third of former Moscow Guberni x 
This somewhat hilly plateau amidst the Rocky Mounts; f 
with an average height of 2,400 metres is a colossal maf e 
of lava, at one time erupted into this space, hemmed in b 
the mountains where it formed a lava lake which flood 
the bases of the mountains up to a height of 500-64 
metres. The lava of this lake poured in some places throug 
the gaps in the mountains into the neighbouri 
ous regions.” 

Similar basalt streams also occupy an enormous 
in other places. For example, in the North-West of the: 
U.S.A. a basalt plateau occupies an area of 15,000 square 
miles. We find a similar phenomenon in West India. Anal 
ogous masses of basalts in the northern part of the Britis! 
Isles possibly stretch under the ocean to Iceland and tak 
it in. 

With such powerful manifestations of volcanic activity 
on the Earth, continuing to-date despite the constant action 
of water and winds, it must be acknowledged that the vol| 
canic activity on the Moon was relatively weak. Taking 
into consideration the ease with which the ash was erupted 
from the lunar volcanoes because of the small value of 
gravity (one-sixth of that on the Earth) and the absence 
of an atmosphere it may be said that these eruptions covet 

generally an insignificant area. i 

Wright points out that the trajectory of the bodies 
erupted from the lunar craters at the same initial velocities \, 
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1 A. Pavlov, Volcanoes, Earthquakes, Seas and Rivers, Moscow the 
1948, pp. 30-31. 
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er, tiaanillion square kilometres. 

At the same time in the eruption of the Krakatoa in 1883 
the clouds of ash erupted to a height of 50 kilometres float- 
ed for a period of several months around the entire Earth, 
| while during the eruption of the Tomboro in 1815 the ash 
j| was erupted over an area of about two million square 
| kilometres. 

Thus, a detailed study of lunar forms enables us to judge 
about the formation and development of our satellite. 
in| It is quite probable that the formation of the lunar maria 
was a secondary phenomenon and was caused by a partial 
il melting of the thin lunar crust with the erupted magma 
2 flooding in some cases the neighbouring sectors. 

It strikes very many as strange that the ring forms of 
ritig| relief so usual on the Moon are, as a rule, nonexistent on 
tak} the Earth. This is explained by the uncommonly rapid 

destruction of the earthly forms by water and wind. As 
tiviy| @ result of this destruction entire mountain ranges are 
ction) 122ed to the ground and disappear, the more so the volcan- 
Nol ic ring-structure formations. 
aking] Only two regions on the Earth are volcanically active 
ipted today: the region of the Mediterranean and that of the Pa- 
e o| cific volcanic arc. We can mention in connection with this 
ence| the well-preserved crater field consisting of a number of 
over| Closely arranged calderas in the vicinity of Naples. Many 

other calderas have been discovered on Kamchatka by 
ydies} A. Zavaritsky as a result of aerial photography. The walls 
ities \ of these calderas are partly eroded and in some places 
broken, but well discerned from the air. It stands to reason 
that such calderas should have long since disappeared in 
the ancient volcanic regions of the Earth. 
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Very weak volcanic activity still continues on the 
Almost any scientist who has studied the Moon for 
years under different lighting can cite several ex, 
of slight changes. Thus, for instance, W. Pickering Dee S W 
out the changes in the region of the bottom of the malted ase 
of Plato, in the vicinity of Eratosthenes, Aristarchus «Sst hi 
elsewhere. These changes are sometimes manifest jn anci 
form of poorer local visibility of different details, as a 
light mist were hanging over the lunar relief. Sonam i 
there are changes in the contours of separate spots de E 
ing on their illumination or insolation. ei 

The crater Linné offers, perhaps, a more authenti 
example of a real manifestation of the internal forces E ; 
the Moon which occurred before the eyes of astronomers i 
This crater is conspicuously situated in the Mare Serenita. 
tis; it has been repeatedly observed, measured and Charted 
by Lohrmann, Madler and, especially, Schmidt. The draw- 
ings made by „Schmidt in 1841-1843 show it as a very }crate 
conspicuous crater with a diameter of nearly six miles,| Picke 
Mädler noted its considerable depth and absence of a| crate 
central hill. of a 

But observing the Mare Serenitatis again on October 16,| by a 
1866, Schmidt failed to find this crater. Instead of the deep | stran 
depression there was only a whitish spot. The numerous | immi 
observers who had taken notice of this exceptional object | mete 
confirmed that the formerly described deep crater was| the | 

really no more. Soon after Schmidt’s report many observers | “lial 
found only a relatively shallow depression with a 6-mile | both 
diameter which later, apparently, disappeared, since today, that 
according to Thornton who investigated crater Linné witha |  P 
powerful telescope, there is only a whitish spot of variable the S 
size and an elevation with a small and deep central crater. | '$ S0 
It, thus, appears as if a rather substantial and deep crate! Cone 
disappeared from the surface of the Moon between 188 j 
and 1866. The cause is unknown, but it can, evidently, be 
explained only by a manifestation of volcanic activity. M 
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robability the internal magma filled the crater and 

all va an elevation with a small central depression.1 
Ri can mention other similar and no less authentic 
5, At the western edge of the Mare Crisium Schröter 
k time pointed out and described a rather large crater 
in a 93-mile diameter, sharp walls and dark bottom vis- 
v under any illumination conditions. He chose this crater 
pe pase, which testifies to its good visibility. By the mid- 
time ftot the 19th century this crater almost fully disappeared 
only a barelly noticeable depression between two 
mountain peaks. Mädler transferred the name of this 
lentic crater —Alhazen—to another object situated somewhat 
es onl io the South, so that present-day Alhazen has nothing 
mers,| jo do with the crater of Schröter. Here, too, we are, ap- 
enita. parently, dealing with a real change in the relief of the 

arted| Moon. 

Iraw- | Considerable interest was also caused by the double 
very \erater Messier (one of the components is now called 
niles. ( Pickering) situated in the Mare Foecunditatis. This double 
of al crater is interesting in that a short line resembling the tail 
ofa comet runs eastwards from it. The craters are divided 
r 16,| by a small mountain range. Nininger recently expressed a 
deep | strange idea that these craters are the two openings of an 
rous| immense tunnel driven in this mountain range by some 
bject | meteorite. Suspicions concerning the possible change in 
was | the crater Messier are based only on the insufficiently 
„ers | reliable testimony of Beer and Mädler to the effect that 
mile} both craters were exactly equal, though it is well known 
day, that they are noticeably different today. This discrepancy 
tha | 8, probably, due to the differences in illumination during 
able | the same lunation. Besides, according to Klein, this region 
iter. | 'SSometimes covered by a mist which in these cases partly 
ater | onceals the separate details of the crater. On Au- 
38 * 
, be 
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lth Crater Linné is not marked on Cassinis map either (end of 
century). The crater was, evidently, never very easy to observe. 
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gust 20, 1950, Moore found a shiny white Spot Which ; pen 


would seem, could not have been unobserveq befo. 4 wai 
Generally speaking, this region of the lunar disk desea penc 
attention. va bsta 


Thus, we can assume that phenomena of a volcanic B. Gas 
ture occur in some cases on the Moon even today and a fore 
these phenomena cause changes not only in the colourin 
of details of the surface but also in its relief. But, y found 
course, reports of such phenomena must be treated 
cautiously. 

This conclusion that there is active volcanism On th il 
Moon was recently additionally confirmed by Kona gen 
and Yezersky. On the night of November 3, 1958 the p 
photographed, with the aid of a large telescope of th: ak 
Crimean Observatory, the spectrum of the lunar Crate F 
Alphonsus located near the centre of the visible lunar dig it 
where the phenomena of tectonic activity are most clearly) ihe Ju 
manifest. Between 2:30 and 3:00 o’clock world time th ifn 
violet part of the spectrum of this formation happened to Fe I 
be considerably weakened. The next spectrogram taken to the 
between 3:00 and 3:30 showed lines belonging to the Thi 
carbon molecule (C,) (the emission Swan lines usually! unar 
found in comets), the line at 4737 A being the mos usual 
intensive. The spectrum of the central peak Alphonsus gani 
strikingly resembled the spectrum of the head of a comet! shade 
At the same time it was possible to see a reddish clout] cliffs 
emerging from this peak and gradually shifting 2”, some} hour. 
thing that corresponds to a distance of 4 km on the 
Moon. 

This unusual phenomenon attracted general attention] t 
At many observatories the crater Alphonsus was carefully 
compared with its photographs made before, but the com 
parisons failed to reveal the slightest change in its relief. 4 
The crater and its central peak looked exactly as they} | 
had before, 


Ven} pouri! 
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| the conclusion to be made in this case is that 
ch ,| Hee? Centially a liberation of i F 
Dil ag essentia y é n of volcanic gases which 
V cleared away, rather than an extrusion of fragmentary 
en se, at least in any perceptible quantity. 
y ges were in all probability liberated here similarly 
Deore, FOr example, in October 1956 Dismond Alter, 
‘pile photographing this region in blue and infrared rays, 
Rnd a certain dimness in the crater Alphonsus, some- 
Hie nowever, that could not be observed in the neigh- 
pouring crater Arzahel. 

It is essential to note that the lunar surface can be 
neatly heated by solar rays and that it can quickly give 
i] yp its heat into space during its cooling. 

Working with sensitive thermocouples and making the 

necessary corrections to separate the higher frequency 
solar radiation reflected directly from the lunar surface, 
r dist! pettit and Nickolson have shown that the temperature at 
learly ihe lunar equator rises to 100°C and higher when the Sun 
is in its zenith and drops to 14°C at sunset; while during 
the long lunar night it goes down to —150°C, i.e., nearly 
| to the temperature of liquid air. 
This denotes a very low heat conductivity of the 
| unar surface, approximately 1,000 times as low as the 
usual conductivity of the earthly rocks, for example, 
granite, sandstone, etc. During lunar eclipses, when the 
shadow of the Earth approaches and occults the lunar 
oo their temperature drops nearly 140°C within one 
our. 

Interesting results were obtained by Piddington and 
Minnet in Australia in 1949. With the aid of a metal reflec- 
tor 120 cm in diameter they focused the radio rays emanat- 
ing from the weakly heated Moon on a radio receiver and 
com\Measured their intensity. The temperatures obtained 
-elief. proved much more uniform than those formerly found by 
theyfettit and Nickolson on the basis of light rays. The highest 

temperature was recorded not at noon, but approximately 
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three earthly days after noon. It may be Supposed th | h 
outer layer of the lunar surface, which is not very 2 thy 
is sufficiently transparent to radio rays since t Cay} una 


he authop] volca 


measured the temperature of some layer located | hick 

certain depth where the highest temperature sets aa Ss 

ticeably later than the moment of the highest Position ‘= sis 
Ce 


the Sun. 
Analogous results were obtained by a number of oth 
investigators. In general, the results of radiometric sti at leć 
of the lunar radiations on the whole depending on i ; 
phase, show that the amplitude of the temperature a 
tions keeps decreasing as the wavelength increase, 8 
Whereas for the usual thermal rays corresponding to th es 
infrared part of the spectrum this amplitude exceeds 10 E 
the curve of radiation sharply differing from a sinusoid highe 
i.e., from a true wave-like curve, for the studies with al excee 
8-mm wavelength this mean lunar temperature Varies, an atı 
according to’ A. Solomonovich, depending on the phaspwhict 
with an amplitude of only 30°, and, lastly, according t| Moon 
the latest measurements made by P. Metzger anil etc. | 
H. Strassl on a radiation wave of 21 cm, the temperatun| decisi 
no longer changes with the phase, i.e., it does not depeni| which 


on the changes in the heating of the surface layers of the possit 
Moon by the Sun. On this wavelength and, apparently, a 
of the 


on all the longer waves the mean temperature is always 
constant and about 250° on the absolute scale. Various 
conclusions regarding the structure of the surface layers 
of the Moon may be made, but, according to the aforesaid 
results, there can be no doubt that the depth of the layers 
with a constant temperature does not exceed sevetdl 
metres or even a few score centimetres and that the future 
astronauts disembarking on the Moon will thus easily | of the 
able to find reliable shelter from the parching heat of thè Var | 


lunar 
phere 
peara] 
contre 


crevices of the lunar soil. 
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hus, an incontestable conclusion can be made that the 


1a : ; : 

nA thy var surface is covered with a thin layer, probably, of 

uth woicanic ash and partly of meteor dust. It is, probably, not 
N 


icker than a few centimetres. The harder lunar rocks, 
2 temperature fluctuates much less, are located under 
jayer. The existence of so dispersed a layer also 
restifies to the former lunar volcanism. 
we shall now dwell on the question of whether there is 
at least a rarefied atmosphere on the Moon since without 
| it there can, certainly, be no life. 
jt may be theoretically expected that relatively heavy 
ses, such as molecular oxygen and nitrogen, may persist 


t) 


throughout the history of the development of the Moon at 


Varia 
eases 


0 th! 4 sufficiently low temperature of its surface. In this case, 
100| however, we must take into consideration precisely the 
usoid| highest temperature of the Moon which may considerably 
ith al exceed 100°C. In solving the problem of whether there was 


aries, an atmosphere on the Moon the data of the observations, 
) 


phasepwhich established the obvious absence of twilight on the 
ng t| Moon, the lengthening of the horns of the lunar crescent, 

anil etc, were taken into account. But this did not lead to any 
atur] decisive conclusions. Observation of the periods during 
speni| Which stars are occulted by the Moon revealing the 
possible refracting ability of the lunar atmosphere also 
ently failed to yield any constructive results, primarily, because 
ways of the considerable irregularities in the contours of the 
‚| unar edge. The findings of the density of the lunar atmos- 
.| there according to the time elapsing between the disap- 
pearance and appearance of a star turned out absolutely 
| contradictory, 

A much more efficient method was proposed in 1942 by 
pan titute of Astronomy and Physics of the Academy 
k e of the Kazakh S.S.R. This method grows out 
f the Vear a act that the rarefied lunar atmosphere observed 
005 the r terminator on the unlighted part of the lunar disk 

fin rst or last quarter must disperse the solar light and 
Y polarize it. At the same time the background against 
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which this lunar twilight is projected must be absolut 
unpolarized, i.e., emanate light oscillations orienteg = ely 
planes passing through the direction of the ray. In nt 
of fact this light background placed on the dark surfa 
of the Moon is composed of the light of the Moon its Ë F 
dispersed in the terrestrial atmosphere and to some exte fira J 
the so-called earth-shine which represents the illumina cove 
tion of the Moon by the Earth. But if dispersed light ¡|! 
observed at a small angle from the source it alway; 
appears unpolarized whatever the nature of the disper. |’ 
sion. 

Thus, to solve the problem of the lunar atmosphere it js 
enough to find out whether there is any admixture of 
polarized light in the illumination of the background on 
the Moon at the first or last quarter near the terminator 
i.e., near the centre of the lunar disk. This admixture cat 
be produced only by lunar twilight. If this be the case the 
total amount of dispersing particles, i.e., the mass of the! 
lunar atmosphere, can be judged by the amount of polar. 
ization. This method is extraordinarily sensitive because| electro 
the lunar atmosphere illuminated by the Sun at a right| electr¢ 
angle to the observer is compared only with the dark} alterec 
background of the earthly atmosphere which, at night, is| A cl 
illuminated several million times as weakly. atmos) 

The photometric measurements taken at the mountain | 2%, 19 
observatory of the Institute have shown that there was no | scope, 
noticeable polarization on the Moon beyond the terminator. | of rad 
Hence it was possible to calculate that the mass of the lu | entire 
nar atmosphere in the column over a unit of surface must than c 
be at least 2-3 million times as small as the similar mass | If this 
of the column of the earthly atmosphere. The more system: 
atic observations conducted by Y. Lipsky by the same 
method but under worse atmospheric conditions led him 
to the conclusion that the Moon has an atmosphere with \ 
a density approximately 10,000 times as low as that 0n 

the Earth. Similar measurements were recently taken by 
the polarization method by Lyot at the Alpine observatory | 
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Midi, some 3,000 metres above sea level, but they 
to establish any atmosphere on the Moon. To be 
e 0 maximum density of the lunar atmosphere must 
c Ast one-millionth that of the Earth. 
tse © onomy offers a still more sensitive method of 
tengs traces of the lunar atmosphere. The lunar orbit 
ina, cated SO that, in revolving around the Earth the Moon 
» HS time to time passes very near one of the most 
werful sources of cosmic radio emission—the Crab 
“| ebula in the constellation Taurus—which is a result of 
|, gigantic flash of a supernova observed in 1054 and 
corded in Chinese annals. If the Moon is surrounded by 
ome gaseous mantle, the latter must also be enriched 
with free electrons under the ionizing action of the 
xtreme ultraviolet solar rays, as is the case in the up- 
layers of the Earth’s atmosphere. Actually all the 
“the vatoms of the lunar atmosphere on its side turned to the 
ylar- Sun must be ionized, i.e., they must lose one or several 
ausel electrons. Radio waves going through such a layer of 
ight | electrons must be noticeably distorted and their direction 
Jark | altered. 
A chance to check in this way the existence of a lunar 
atmosphere presented itself for the first time on January 
tain | 24, 1956, when it was possible, by means of a large tele- 


„| of radio emission on a 3.7-m wave. It developed that the 
entire covering lasted several tenths of a minute longer 
than could be expected if there were no atmosphere at all. 
lf this difference is taken as real, a conclusion can be 
drawn as to the possible density of electrons near the 
the Moon and, consequently, the density of the gases in 
ts atmosphere. According to B. Elsmore, for the Moon 
the electronic density cannot exceed 1,000 per cm’, 
on Whence it follows that the lunar atmosphere must be 
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It is interesting to note, however, that there are | 
dimnesses of the type of temporary mists on the Oy gases 
which were registered by many observers. In 1892 K i 
Jupiter was occulted by the Moon, W. Pickering Oba diox 
a dark band crossing the disk of the planet; the an 4k 
crossed the system of its bands and ran parallel to a 0 

lunar edge. If this observation was correct the afores j 

phenomenon was of a temporary nature because i a 

not confirmed later by other observers under similar cal 

ditions. An interesting example of such dimnesgeg a 

observed by Thornton in the Valley of Herodotus À i 

February 10, 1949. Through his 45-cm telescope un 

good atmospheric conditions he saw a puff of whiti 

vapours which hid the details over an area of severa] mil 

while the surrounding terrain remained perfectly clear an 
was well seen. Moore tells that in 1949 he saw the whol 
crater Schickard filled with a whitish mist which conceals 
the details on the bottom of this crater. As far as we cy engir 
see the observers usually judge about the existence CA rocke 
such fogs by the fact that separate details on the botton man, 
of the crater or in its vicinity are invisible while othe It we 
details can be seen quite clearly. On the basis of this w| rock 
can speak of local dimnesses on the bottom of a numb the p 
of craters, for instance, Plato, Timocharis, etc. Moor The | 
describes quite a few of these cases. phot 

From all of the foregoing we can, apparently, make ttl to m; 
following most plausible conclusion. A very small amout} of th 
of different gases still escapes into the atmosphere of th] kovys| 
Moon from many cracks and still weakly active volcanos} the $ 
There was active volcanic activity on the Moon in the pasi grap! 
and this is testified to, for example, by the vast region| moor 
of the lunar maria which are large basins of hardenet seen, 
magma and an enormous number of craters and rin Co 
mountains which are also formations of a tectonic nature the F 
In the distant past there were immense areas on Ot iare y 
Satellite with a high temperature—in the neighbourho numi 
of several hundred degrees—owing to which the abundam rays 
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x discharged from the interior of the Moon during its 
oa: 


| tion dissipated into cosmic space. Even carbon 


let alone oxygen or nitrogen, could not persist 

the Moon where the velocity of escape is but 

sec. 

ee weak traces of the original atmosphere replen- 
shed DY & negligible quantity of gases, apparently still 
p from the Moon, can remain on the Moon to- 
There can, certainly, be no water on the Moon in 
either liquid or solid states and it does not form part of 


| ihe lunar gaseous mantle in any measurable quantity. 


Under these conditions life on the Moon is, certainly, out 


it of question. 


All of the foregoing is based on various factual mate- 
rial obtained from observations of the side of the Moon 


| turned to us. It must be pointed out, however, that owing 


to the enormous achievements of Soviet radioelectronic 
engineering and the development of powerful guided 
rockets it was possible, for the first time im the history of 
man, also to obtain a picture of the back of our satellite. 
It was precisely in the Soviet Union that the third space 
rocket was successfully launched on October 4, 1959, with 
the principal aim of photographing the far side of the Moon. 
The photograph was transmitted to the Earth by means of 
phototelevision apparatus. The picture was clear enough 
to make it possible to see such details as the central peaks 
of the craters given the names of Lomonosov and Tsiol- 
kovsky. With the apparatus almost in one line between 
the Sun and the Moon, while the Moon was being photo- 
graphed (at a moment corresponding to nearly a full 
moon), the relief of the lunar crust cannot, of course, be 
seen, 


Compared with the face of the Moon, always turned to 


the Earth, the following differences strike the eye. There 


ate no light rays, which are usually well seen around a 
number of craters, especially during the full moon. These 
tays are always connected with the central peaks of the 
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craters and, as may be assumed, with their past Vole 


activity. The far side of the Moon does not even have p { 
hy 


semblance of such formations. 

The far side of the Moon has very few dark S 
maria, something that is very significant. There are m 
such maria on the face of the Moon, the largest of th 
being the so-called Oceanus Procellarum. Diametricay 
opposite this formation on the back of the Moon there ; 
nothing like it, but merely an even, light surface, F 

Such differences can hardly be a matter of accident 
The Moon, as is well known, does not have a true spherical 
shape, but is elongated several dozen kilometres toward; 
the Earth, as though an enormous tidal wave were frozen 
on its surface. It may therefore be assumed that the thick. 
ness of the lunar crust is quite unequal in different direc. 
tions. It is interesting to connect this with the intensity of 
volcanic processes on the Moon and, especially, with the 


Pots 


process of formation of the lunar maria. During a certain j 


stage in the development of the Moon, when the Craters 
and circular mountains already existed, vast areas of its 
surface melted and then hardened in the form of maria 
surrounded by faulted formations—mountain ranges. On 
the far side of the Moon this process was apparently al- 
most absent. 

A detailed study of this phenomenon will shed a new 
light on the process of development of our satellite's 
crust. For the present it can only be pointed out that the 
data obtained incontestably indicate that the main role 
in the formation of the lunar crust is played by internal 
factors of a tectonic and volcanic nature rather than by 
foreign cosmic bodies, like enormous meteorites or aster- 
oids, falling on it. Such bodies would have to fall equally 
onto both sides of the Moon which thus could not have 
turned out so entirely different from each other. 

All in all, the latest investigations of our satellite com 


ducted by new methods confirm our idea that, although | 
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n cannot be considered an entirely cold body 
any internal energy, the conditions On its surface 
de any possibility of organic life on it. [i | 
he final proof of this will be obtained, as can be ex- 
d, bY studies of samples of the soil brought from the 
ecte ia containers which for this purpose must, of course, 
‘a hly sterilized beforehand. 
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Chapter VI 


THE MAJOR PLANETS 


Jupiter, Saturn, Uranus and Neptune, the giant planets 
of the solar system, sharply differ from the planets of the 
terrestrial type by their large masses (from now on w 
shall call them the major planets), relatively low density, 


rapid rotation about their axes and the abundance of light. ij 
gases—hydrogen and helium. In relation to water thei} 


mean densities are 1.34, 0.71, 1.27 and 1.58 respectively, 
Saturn is noted for its particularly low density. Taking 
into consideration its low temperature and great mass 
(80 times that of the Earth) we can conclude even without 
accurate calculations that this planet must be in a gaseous 
state and if it has a solid core, which must, naturally, be 
under great pressure of the higher layers, it must be 
negligibly small in comparison with the radius of the 
planet. It is well known that even under normal pressure 
solid oxygen has a density of 1.45, nitrogen—1.02 and 
ammonia—0.82; but all this considerably exceeds the mean 
density of Saturn. Only the tremendous quantities 0! 
hydrogen and helium in a gaseous state can explain the 
low density of the planet as a whole. 

An analogous conclusion can also be made about Jup! 
ter whose mass is 318 times that of the Earth. A detaile 
investigation of its internal structure has shown that the 
heterogeneity of the structure at the high rate of rotation 
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xplained only by enormous amounts of hydrogen 
tly helium throughout its mass. The heavier ele- 
can constitute in this planet, as in the Universe 
only an insignificant admixture. The mass of 
fer contains an amount of different elements very 
Lcely COTES: ; ; 
Universe: This conclusion is also fully confirmed by re- 

il conducted direct observation of the spectra of the 
major planets. Bae 
ue shall now consider in greater detail what can be di- 
rectly observed on the major planets, what their physical 
eculiarities are and to what extent these planets can be 
fit for the development of organic life. 

Gigantic Jupiter, which is relatively near to us and 
of the| which is the largest and is, therefore, easily observable even 
N wel through small telescopes, is a typical representative of the 
| major planets. Suffice it to say that magnified only 40 
f light. imes Jupiter appears to us like the Moon seen by the 

their snaked eye. e 
tively,| Jupiter has larger angular dimensions than, for example, 
‘aking| Venus at the moment of its greatest brilliance though it is 
mass} inferior to the latter in brightness. The reason for this is 
ithout | that Jupiter sheds a rather dim yellow light, whereas Venus 
seou | appears dazzlingly white. This is due to the great distance 
ly, be | from Jupiter to the Sun in which the solar rays are 50 
st be} times as rare as they are in the distance from Venus to 
f the) the Sun. 
assure} It might be assumed that Jupiter's temperature is very 
, and} low because it receives so small an amount of heat from 
mean the Sun. Attributing to it the properties of an absolutely 
es of | black body we can very easily calculate that at a tempera- 
n the | ture of —150°C this planet must radiate as much heat into 

_| Space as it receives from the Sun. It is the more surpris- 

Jup: \ mg that on Jupiter, which should be a perfectly hardened 
tailed body, everything is in stormy motion. Wide dark belts of 
at the?’ brown shade and rather complex structure stretch on 
tation } both sides of the light equatorial zone. Numerous less 
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intensive and, to a considerable extent, variable 
located in the moderate regions of the planet, but 
spaces are enveloped in a uniform greyish shade and sh 
no details. Separate light clouds constantly fop, ® 
different regions of the planet, but mainly near the e ! 
tor dark bands sometimes divide into small chains of a 
dark formations and constantly change their structyf 
which seems extraordinarily complex. But the most reman 
able formation on Jupiter is, undoubtedly, the red ş 
which became particularly visible in the 70s of the 19 
century. At that time it looked like an isolated req ova. 
shaped cloud hanging in space between the South-equ, 
torial and south-moderate belts. Part of the first bani 
turned out to be destroyed and the red spot, Surroundej 
on all sides by a layer of white clouds, was located in the 
hollow which had thus formed. Subsequent studies of the 
spot revealed even more interesting peculiarities, 
Already Cassini established that the period of Jupiter's 
rotation constituted only 9 hrs 50 mins. Each point of the 
planet’s equator moves at the rate of 10 km/sec. If the plan- 
et rotated only 3 times as fast it could no longer exist as 
an independent body because the force of gravity on its 
equator would equal the centrifugal force developed by the 
rotation. Thus, the reserve of stability is not very big for 
Jupiter; it is much less than for the Earth and, especially, 
for the Sun. Academician A. Belopolsky has accumulated 
observations of the positions of the numerous spots in the 
different belts of the planet. and has incontestably estab- 
lished the formerly suspected fact that Jupiter rotated with 
different velocities at various latitudes. Essentially two 
principal periods of rotation can be distinguished. One of 
them corresponds to the equatorial zone proper and con 
stitutes approximately 9 hrs 50. mins, the other pertains to 
all the other regions of the planet and equals 9 hrs 55 mins. | 
The dark equatorial belts are precisely on the borders 
between both zones and it is just in these belts that the 
rapid change in rotation occurs. Each dark band of a se | 


belts a 
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Fig. 36. Photographs of Jupiter 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


sis 
ld 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


ondary nature similarly limits the zonal streams Mov; 
at different rates on Jupiter, though the difference in 
periods of rotation is expressed only in a few Seconds Se { 
tailed studies of this phenomenon based on many year De. 
observation were made by the English amateur asttone of, 
S. Williams. mer Y 

Thus, Jupiter has an equatorial acceleration, ie, a a Pi 
er rate of rotation at the equator than in the other pan A í 
the planet. This phenomenon was hitherto discovered ot} 
the solar system only in the Sun with the difference ho F 
ever, that the rate of the Sun’s rotation changes constant 
from the equator to the poles and within very wide i 
namely, from 25 to 30 days. S 

Jupiter’s red spot presents curious peculiarities also as 
regards rotation. Its motion on the surface of the planet is 
inconstant. In 1899 it was the slowest and lagged behing 
the other formations which outstripped it in their rotation 
about the axis. At the same time it is the only constant 
formation on Jupiter. Galileo did not know the red Spot be- 
cause his very imperfect telescopes did not make it possible 
for him to discern even Saturn’s ring. The red spot was first 
discovered by Cassini in 1664. Since that time it has ap- 
peared and disappeared several times without noticeably 
changing its shape or the latitude of its location with the | 
reference to Jupiter’s equator. It has been observed during on 
the last centuries by Maraldi, Schröter, Gruithuisen, cae 
Dawes, Lohse, I. Kortazzi, F. Bredikhin and many others. face. 


; first in 
whitist 
place t 
in the 
motior 

Spee 


Having again become visible in 1870, the red spot appeared z 
in an unusually contrasting form and especially bright. throug 


Since 1882 its intensity gradually began weakening and thant: 
today the spot has an extremely weak colouring barely imatel 
discernible even through large instruments. The same hol- Spot i 
low in which this spot lies and which moves together with i Wh 
it still persists in the south-equatorial belt. Numerous ob- 
servations show that the red spot exerts a certain influence 
on the clouds and belts which surround it. The space be- 
tween the south-equatorial and the south-moderate belts in - 
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n iG spot is located rotates somewhat faster. The 
which form in this space must, therefore, necessarily 


Esg ; f 
De. im in contact with the spot. It might be expected that, 
of om red spot is located at a relatively low level as it 


bes judging by its slow rotation and very constant 
ir the clouds floating at a considerable altitude in the 
10 ne atmosphere will pass over the spot. But this never 
es When approaching the spot the clouds usually di- 
on into two streams. One stream heads North, the other— 
vi n The clouds move around the spot in the space be- 
an the spot and the corresponding dark belts and hav- 
i passed it reunite into a single stream. It occurs as if 
ie red spot were the centre of repelling forces which 
we the greater the more intensive the colouring of the 


t. 

Vis the spot grows less contrasting its repelling forces 
considerably diminish and the spot begins to be enveloped, 
ant , first in the centre and then at the edges, by a uniform 
De whitish layer which finally hides it from the observer. The 
ble place that indicates the position of the spot is the hollow 
st |i, the dark equatorial belt which takes part in all its 
iP: | motions. 

ly | speaking of Jupiter we cannot help mentioning another 
he remarkable, though, perhaps, not so constant, phenomenon. 
ng | tis the veil or, in the terminology of the French observers, 
the “big southern perturbations.” It consists in the fact that 
the space between the south-equatorial and moderate belts 


t appears veiled by a more or less uniform grey cover 
d through approximately latitude 90°. Moving much faster 
than the red spot the veil comes in contact with it approx- 


imately every other year. But even now, when the red 
ih spot is invisible, we can be sure that the veil never covers 
Go When the veil “catches up” with the spot it is observed 
that both belts located on either side of the red spot 
e- sharply expand and grow more distinct. It may be assumed 
n that the black matter of the veil moves around the spot 
inder the influence of the repelling forces. Sometime later 
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the western edge of the veil shows itself on the other « 
of the red spot and it stands out sharply against the ld 
background of the veil. On the whole both these ans 
tions, no doubt, exert a perturbing influence on each oe 
Away from the red spot the veil has a more or less unifi $ i 
structure. But when it passes through the spot it aY : 
chaotic contours while the surrounding belts grow mull 
darker and separate small black spots, sometimes isolate | 
and sometimes collected in chains and mixed with the lh 
parts of the veil, form on them. In addition a considera, 
change in the angular velocities of the spot and the 4 
are observed each time. 

We could also mention the observations of many scien, 
tists who have noticed and described other cases of consid. 
-erable perturbations on Jupiter and the appearance oj 
unusual formations with fast displacements, sudden break. 
up of vast clouds into separate spots, etc. 

But where does the energy required for these fast and | 
considerable changes come from? The principal source oid 
atmospheric energy on the globe is the heat received from 
the Sun. But Jupiter gets very little solar heat. From this 
it might be possible to conclude that the source of energy 
on Jupiter is its own internal energy, i. e., that Jupiter has 
not fully cooled as yet and that it has a rather high tem: 
perature at which a partial formation of water clouds is 
possible only in its outer layers. The great mass of Jupiter 
would seem to confirm the correctness of this conclusion. 
But it had to be given up after Coblentz (first in 1914 and 
then in 1922) directly determined the temperature of Jupi- 
ter’s cloudy surface. It was ascertained at the same time 
that the radiation sent to us by Jupiter was a reflected 
radiation from the Sun. This planet has- hardly any heat 
depending on its own temperature. Jupiter’s temperature, 
according to Coblentz’ findings, turned out close to —140°C. 
Subsequent findings have confirmed this conclusion. 

AS a matter of fact there should have been nothing suf Fi 
prising in this result. Had Jupiter’s atmosphere contained 
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Fig. 37. Saturn from different positions of the observer 
in relation to the plane of the ring 
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appreciable quantities of water vapours it would hay 
infallibly discovered by the spectroscopic method, Tt © bee, 
cisely the spectroscope that decides in this case. Me 3 
Jupiter’s spectrum, which has been studied in detail « 
the 70s of the 19th century, revealed a consider: 
ber of bands and lines of absorption of an unkno 
but not one of them belonged to water vapour. 
Thus, the solution of the problem of the physica] State; 
Jupiter’s visible surface came down to establishing the 
ture of the bands of absorption in its spectrum. The as 
bands were discovered in the spectra of the other maa terres! 
planets—Saturn, Uranus and Neptune—their width and a There 
tensity being the greater the farther the planet was fron | metha 
the Sun. deepet 
Only in 1932 did the American scientists Adams ani absort 
Dunham ascertain on the basis of laboratory experiment | out ar 
that these bands belonged to compounds of hydrogen wiih} spect 
carbon and nitrogen (methane and ammonia) at a low tem: It 1 
perature. As» the temperature drops the Compounds of} metha 
hydrogen and nitrogen gradually fall out in a liquid state | other! 
and the absorption lines grow weaker. By the intensity of | Searc? 
the absorption lines of ammonia in Jupiter’s atmosphere | these 
Dunham concluded that the quantity of uncondensed am. | the pe 
monia corresponds to an equivalent layer eight metres | explain 
thick at a temperature of 0°C and a pressure of 760 mm, | Beside 
On Saturn and, especially, on Uranus the cloudy layer | ture th 
formed by condensed ammonia is thinner than it is on Jupi- | sity of 
ter; on Neptune it is practically nonexistent because at the | We 
very low temperature of this planet all the ammonia should | erties 
have fallen in a solid state into its deeper layers. The | evitabl 
atmosphere consisting of a compound of hydrogen and car- | except 
bon CH, (so-called methane or marsh gas) is, therefore, | Let 
much more accessible to observation since this compound | tompo 
yields intensive bands in the spectrum. It is, thus, clear their ¢ 
that the intensity of methane bands must gradually in- tively 
crease for the major planets the farther they are removed 
from the Sun, as observations have, in fact, established. 


wn Origi 
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he basis of experimental comparisons between the 
ctrum of methane and the spectra of the major planets 
Fel and Slipher showed in 1935 that a column of this gas 
A metres high at a pressure of 40 atmospheres forms 
sorption bands intermediate in intensity between the 
E ira of Jupiter and Saturn. It also turned out that the 
thane bands in Neptune's spectrum can be produced by 
i g-kilometre layer of atmosphere consisting of methane 
inde normal atmospheric pressure. We shall point out for 
ihe sake of comparison that the equivalent height of the 
ierrestrial atmosphere constitutes only eight kilometres. 
in| There can þe no doubt, however, that the thickness of 
methane on Neptune is really much greater, but lying 
deeper its layers can no longer produce any noticeable 
absorbing action on the solar rays penetrating from with- 
out and for this reason do not yield the corresponding 
spectroscopic effect. : 

tem: Jt might be supposed that in addition to ammonia and 
5 of p methane the atmospheres of the major planets also contain 
tate | other hydrocarbons, such as ethane, ethylene and acetylene. 
y of | Searches for the absorption lines and bands belonging to 
here | these compounds have been fruitless. It appears that all 
am: | the peculiarities of the spectra of the large planets are fully 
tres | explained only by the presence of ammonia and methane. 
nm. | Besides, the farther the planet and the lower its tempera- 
yer | ture the less intensive the ammonia bands while the inten- 
upi- | sity of the methane bands sharply increases. 

the | We must necessarily acknowledge that the physical prop- 
uld | erties of Jupiter, Saturn, Uranus and Neptune are the in- 
[he | evitable consequence of their great mass and, hence, the 
ar- | exceptional abundance of hydrogen. 

xe, | Let us note, in the first place, that various molecular 
ind | Compounds, mainly oxides with different metals, make 
gar theit appearance already in the atmospheres of the rela- 
in- (lively cold stars of the M and N spectral classes. Where 
redafihere is an abundance of carbon very intensive oxides of 
ed. | Carbon are manifest, which is characteristic of the class 


on t 
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N red stars. With a still greater drop in temperature 
dioxide inevitably appears; it forms already at the Carbo, J00 
stage and is a primary gas for the planets. Stella, gme: 

Condensation of elements with a high me} 


ting Point, ‘ 


mainly, metals—potassium, sodium, magnesium, alumin; “this 

—begins in the atmosphere of such a body first: a Í moni 

they form minerals which in their composition reg, zeg able 

the primary igneous rocks on the Earth. At high ‘sn M ali 
a 


tures the oxygen forming part of iron compounds is Teduceg | with 4 


by hydrogen. This is why iron remains unoxidizeq jding 1! 
owing to its great density accumulates mai ‘aor E 
; . nainly in the char 
deeper layers. With a drop in temperature approximat ribí 
ie po ely | des 
to 700-800°C oxygen as an extraordinarily active gas co y ajor ] 
bines with hydrogen forming water vapours. Inasmuch enses 
there is always an excess of hydrogen compared with a ihe plal 
other gases all of the oxygen may turn out to be in com. | Thus 
bination. In subsequent drops in temperature the hydrogen f the | 
if it has been retained by the planet, forms other Com differen 
pounds with carbon and nitrogen and in the end yields Earth. ° 
methane CH, and ammonia NH}. with a 
Since the volume of gas is reduced during the formation |: plan 
of methane this reaction, everything else being equal, is |mainly 
aided by greater pressure, i.e., the greater mass of the mane ut wit 
et. With a drop in temperature the amount of methane {gn in 
Increases. At 600°C there are nearly equal quantities of |ts the 
carbon dioxide and methane, while at 300°C most of the |o ice 
carbon combines with hydrogen. Generally speaking, the |planet 
formation of various hydrocarbon compounds is possible, |e dif 
but under high pressure hydrocarbons infallibly change to J Pratu 
the same methane. This is why there is always a tendency | lyers. 
to form precisely methane at low temperatures; this ex- |!ve a 
plains why methane occupies an exceptional place in the | ‘tance 
atmospheres of the major planets. In addition there is also |‘ fas 
a reaction between nitrogen and hydrogen with the forma- hydro; 
tion of ammonia which releases less energy and, therefore, ji this 
occurs less intensively. With an excess of hydrogen, under: Its 
normal atmospheric pressure and at a temperature of 200- | face ( 
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‘othe amount of free nitrogen and ammonia is the 
0 ta lower temperature the relative amount of am- 
lay Jam continually increases. With the subsequent cooling 
; „onia „adually condenses and falls out of the atmosphere. 
int Pis time most of the nitrogen has already changed to 
BE Yia, put this can take place only in the presence of 
zegin e catalysts as, for example, iron. Practically, since 
id rocks, which contain oxides of metals, are covered 
layer of ice, electric discharges can act as catalysts 
n the aforesaid reactions; the existence of electric 
arges is quite probable since the strong movements, 
d above, are observed in the atmospheres of the 
planets. At Jupiter’s temperature ammonia con- 
to white clouds forming the observable surface of 


as ló 


all { ie planet. : : 
vm. | Thus, the physical properties of the distant major planets 


en, {of the solar system are explained, particularly, the sharp 
m „jifferences of their atmospheres from the atmosphere of the 
lds ‘earth. The same considerations may be used for any planet 
with a sufficiently large mass wherever it may form. Such 
ion la planet must have an extensive atmosphere consisting 
| jg mainly of hydrogen and its compounds, chiefly methane, 
an- {hut without compounds of oxygen, especially without oxy- 
ane |gnin a free state. At the low temperatures of such plan- 
of {tis the compounds of hydrogen and oxygen in the form 
the lof ice must be concentrated in the deeper strata of the 
the |planet and cannot be accessible to observation, let alone 
ble, [the different mineral compounds which form at high tem- 
to | peratures and can be present only in the much deeper 
ncy hyers. It is doubtful, however, that a massive planet may 
ex- |tave a central core composed of a heavier refractory sub- 
the Stance. At any rate, the pressure in Jupiter’s entrails grows 
Iso |0 fast because of the great force of gravity and its outer 
na- (Hydrogen shell is so large that the existence of a solid core 
re, (M this planet is doubtful. 
der It should be noted that above Jupiter’s observable sur- 
00- {lace (Which is only cloud banks of condensed ammonia) 
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there is only a relatively rare atmospheric Ja 
This conclusion corresponds with the data of one of Bag | 0 
It has also been possible to ascertain that th ee Vato, 
ability of Jupiter’s atmosphere over its cloud ee 
stitutes only one-tenth of the Scattering effet aa 
atmosphere of the Earth. But the density of a by 
pheric layer of the planet’s visible surf . 
insignificant, and with this density the 
appears relatively large. Hence, the assy 
by E. Schenberg that fine dust floats in 
phere and makes for the increased scatte 
presence of dust is, in turn, an indirect indicat; ti 
addition to the compounds of methane and ane t ae 
are also other compounds on Jupiter’s surface white a a ir 
way affect the state of the absorption lines in its spe a P f bla 
This is also testified to by the great diversity in ‘Re a e regan 
ing of the various formations on Jupiter, from wie E to lati 
yellowish to red and brownish, Wildt suggests the ` a into le 
bility of the existence on Jupiter and Saturn of a or } direct 
of metallic sodium in ammonia which is noted for its isi, proce 
colouring. It is well known that with a drop in tempera poles 
the colouring of this solution fades and it hardens in Te In the 
form of grey crystals. This corresponds with the hi he chang 
Scattering ability of the atmospheres of these plane ltr 
A fact that having a lower temperature than Jupiter, | dark 
aturn also has a generally more greyish colouring. The | tweet 
prois of sodium shine intensely in the atmosphere of the | are ty 
veto at nee high altitudes and produce bright emission | paren 
aaa e spectrum of the nocturnal sky. Though this | form 
Sen present in interstellar space it can hardly be | whic 
oubted that it gets into the upper layers of the atmosphere | Pictu 
as a result of turbulent mixing from the lower layers | cates 
where it is formed by fine droplets of water being blown | the d 
off the crests of waves in the vast spaces of the oceans. \ Consi 
It is precisely in this manner that the numerous aerosols | ofa: 
of the terrestrial atmosphere, which rise to its highest temp 
layers, may form. There can be no doubt that various | abou 
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Í 
tion mous turbulence which mixes its outer layers and j 
ch is especially intesive in the region of the dark belts I 
el to the equator. | | 
7 the ee ascertain the nature of the dark belts it is very essen- | 
Mog, | to trace their formation. The north-equatorial belt, 
Wich sometimes completely disappears and sometimes ap- Li 
W ae very wide and intensive, best serves this purpose. 
ie Pious observers repeatedly studied the peculiarities in i 
$: te structure of this belt. Laue, Ganski, Bernard and others fii 
e woticed in it numerous dark grains with very insignificant | 
i angular dimensions. In describing the formation of this 
Nere belt in 1906 Laue noted that an irregular and broken chain 
of black spots appeared in the place of this belt first. They 
began to emit a reddish mass which filled the entire zone 
to latitude 22°, At the same time the black spots changed 
into large eroded knots which rapidly spread in an easterly 


Ossi. 
nd direction and formed an uneven knotty band. When the 
ight] process was Over the entire area from the band to the 


poles was veiled by a reddish-brown or reddish-grey mass. 
the| Inthe end there was a wide and dark belt which gradually 
sher | changed into a weak veil in the direction of the pole. 
ant It necessarily follows, firstly, that the dark belts and the 
iter, | dark spots on Jupiter are in no way simple intervals be- 
The | tween the light formations. It is perfectly clear that there 
the | are two types of formations on Jupiter—light clouds, ap- | 
sion | parently, products of condensation of ammonia, which | 
this | form the visible surface of the planet, and the dark belts, 
be | Which are of an entirely different nature. Secondly, the 
ere | Picture of the formation of Jupiter’s belts evidently indi- 
ers | cates that they are a result of the turbulence which forces 
wn | the deeper condensations to rise to the surface level. If we 
ns. \ Consider, according to Helmholtz, that the total circulation 
sols | fa planet’s atmosphere is conditioned not so much by its 
est temperature regime at different latitudes as by its rotation | 
ous | about the axis, we may compare Jupiter’s equatorial zone i 
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to the trade-wind zone on the Earth though on Jupiter p, 
zone of atmospheric currents is somewhat narrower his 
The repeatedly observed radio emission which may b 
manifestation of strong electric discharges jg new fa 
dence of turbulent movements in Jupiter’s atmosphere y 

It has unexpectedly developed that strong perturbatio p 
producing intensive radio emission also occur on Satur 
planet quite similar to Jupiter, but only much farther a 
moved from the Sun; these perturbations last even longer 
than they do on Jupiter. 

The turbulent movements are, naturally, particularly ip, 
tensive on the border which divides the currents Moving at 
different velocities. It is precisely in these places that the 
products of condensation mix, owing to which the Outer 
products disappear and other materials, apparently more 
heated and having a different colouring, appear from the 
hypogene layers. Thus, belts appear which must be orient- 
ed parallel to the equator and which may at the same time 
consist of numerous separate relatively rapidly changing 
elements and turbulence-knots. 

Thus, even the external appearance of Jupiter and the 
other major planets shows that the composition of their 
surface layers includes not only compounds of ammonia 
which form the cloud banks but also compounds of various 
other elements of which it is hard to say anything definite 
at the present time. Nonetheless, owing to their tremendous 
mass and excess of free hydrogen the major planets pre- 
sent a striking contrast with the terrestrial-type planets. 
Even if the large planets did not have extremely low 
temperatures in their surface layers, the complete absence 
of water vapours or water in a liquid state in the atmos- 
phere would, in this case, make any life, whatever our 

idea of it, impossible. Life is all the more impossible in the 
hypogene layers of the major planets. If the temperature 
in these layers is not very high the tremendous pressure 
soon breaks the molecular structure and renders the 
existence of even neutral atoms impossible. It has already 
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nted out that the overwhelming part of Jupiter’s 
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his pee P sists of atomic hydrogen and partly of other HAE 
be, | onts which in the hypogene layers lose even their il 

nic shells. Under these conditions the existence of Hy 
and unstable albuminous compounds within the Hh 
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Chapter VII 
OUR CLOSEST NEIGHBOURS—MARS AND VENUS 


In considering the problem of the possibility of life in 
our solar system it is but natural that we should turn oy |; 
attention to our closest neighbours—Mars and Venus, 
Mars revolves around the Sun at a somewhat greater 
distance than the Earth (the radius of Mars’ orbit jg 
228 million kilometres) and it makes a full revolution in. 
687 terrestrial days; Venus is somewhat nearer to the Sun 
(the radius of its orbit is 108 million kilometres) and the 
period of its revolution is 225 days. Both planets are sur- 
rounded by atmospheres, may have water in a liquid state, 
and, at first sight, life in some form is, therefore, possible 
on them. regio 

We shall first state what is known of the nature of |and r 
Mars. Observations of this planet date from the end of the |tude 
17th century; C. Huygens was its first systematic observer. gion 

Very valuable observations of Mars were conducted at |menm 
the end of the 18th and the beginning of the 19th centuries |"e0 
by J. Schröter, an amateur astronomer, in the small Ger- | On 
man town of Lilienthal. Schröter had at his disposal the 
finest telescope of the time with a 23-cm lens noted for its 
excellent optic qualities (such a telescope would be pe \* 
fectly suitable for similar observations even today). Scht0- with 
ter made careful drawings of the contours of the different 
details on the planet’s disk, especially its dark spots oF 
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Pris they were later named by Schiaparelli. Schröter 
ce elf pelieved these spots to be clouds and tried to 
ii their possible displacements in order, thus, to de- 
“ine the force of the winds in the planet’s atmos- 


: tae experience of the observer and his numerous obser- 
(ations made the eiee obtained very valuable. By 

mparing Schröter S drawings with modern drawings and 
notographs and identifying the same details on them it is 
ossible to determine with great accuracy the period of 
Mars’ rotation about the axis and subsequently to judge 
ine constancy of this period; at the same time it is possible 
w conclude to what extent the dark formations on Mars 
are permanent. Generally speaking, the details observed on 
yars belong, as a rule, to its solid surface, while different 
cloud formations are encountered rather seldom and are 
ofa transitory nature. As far as the dark spots—the seas— 
are concerned the opinion prevails that they do not change 
\ generally and, in all probability, characterize lower and 
more humid regions of the planet. This is quite true. How- 
wer, already Schröter’s observations, which were con- 
ducted nearly 150 years ago, have shown that big changes 
inthe contours and distribution of the seas can sometimes 
also take place on Mars. Thus, for example, the vast dark 
egion in the shape of an acute triangle observed by him 
ad represented in 16 drawings (longitude 225° and lati- 
tude 15°) during 1798-1800, now no longer exists. This re- 
sion was located on the edge of the modern Mare Cim- 
merium and for a period of approximately 20 years was 
tne of the objects on Mars most accessible to observation. 

Only sporadic observations of Mars, which did not re- 
veal anything essentially new, were conducted after 
Schréter during the first decades of the 19th century. A 
Ww epoch in the study of this planet, undoubtedly, began 
vith the work of Schiaparelli who observed Mars sys- 
‘matically and for a long time under the clear and stable 
y of Milan with a fine 21-cm lens telescope. In 1877, 
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while systematically observing Mars for the purpos 
charting it, patiently waiting for the atmospheric S ; 
tions to cease and for rare moments of stable represent. 
tions, Schiaparelli suddenly noticed a straight thin A } 
running through the reddish desert and connecting k 
neighbouring maria. Continuing his observations he wariri 
able to register a number of such thin dark lines af a ; 
regular contour which invariably connected separate daril hypo! 
spots on Mars’ surface. Sometimes they crossed and the | time 
point of their intersection always appeared as a roundish parth 
dark spot, as some sort of “oasis.” Several months later | Mats. 
Schiaparelli reported in the press his discovery of these restr! 
lines—so-called canals which gave rise to animated dis. canal 
cussions and roused extensive interest in the study o | metri 
Mars. He also established that the dark spots were really had | 
of different hues, from brown to green in various combi. | plane 
nations, that the maria in the equatorial zone were much whicl 
darker than the ones closer to the poles and that these. It: 
formations could in no way be regarded as aqueous sur- \ Sti 
faces, as was formerly thought, particularly by Flamma. |andi 
rion. The continents or deserts on Mars are also notable | ically 
for their different colouring from yellowish to red, though ister 
they are much more uniform than the maria. Schiaparelli, | With 
furthermore, discovered that the canals—the thin, more or Flags 
less clean-cut lines—in some epochs appeared double some- | ty 
times several hundred kilometres apart. For nine years |The 
nobody could confirm the existence of the canals though Lowe 
more powerful instruments than Schiaparelli’s telescope valua 
were used. Their existence was confirmed only in 1886 by only 
the English amateur astronomer S. Williams with the aid by Si 
of a small 15-cm telescope. Soon afterwards the canals that 
were noticed by the French astronomers Perrotin and with 
Tollon through the 75-cm refractor of the Nice Observa- small 
tory. on pi 
Since then many other observers have also begun to no ‘canal 
tice the canals though with different degrees of clarity. At pror 
any rate the existence of the canals could no longer bè Arin 
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ptes, rire ro Weta) oe 
Se of (or nderstand that after their discovery the canals on 
ibra. |0 


A eas It, therefore, poe likely that the living beings on 
st ad reached a higher level of development than ter- 
hes estrial eee ee himself wrote about the 
ean nals: “Their strar ge page eee their absolute geo- 
via netrical regularity ee some people to believe they 
eally pad been built by inte ligent beings, inhabitants of this 
mbi. panet. I do not deem it possible to contest an assumption 
nuch which is not at all unlikely. l ) 
these . It goes without saying that these discoveries made by 
Sur- 'schiaparelli and other scientists excited enormous interest 
nma: | and impelled many astronomers to observe Mars systemat- 
table [itally. P. Lowell, an American diplomat, took a particular 
ough | interest in Mars. He immediately started a correspondence 
relli, | with Schiaparelli and then built a special observatory in 
re or (Flagstaff, Arizona (U.S.A.), to observe Mars. The observa- 
ome- {tory was supplied by a large refractor with a 60-cm lens. 
rears |The visual and photographic observations, conducted by 
ough lowell and his associates for a number of years made a 
cope valuable contribution to the study of Mars. Lowell not 
6 by [mly fully confirmed the existence of the canals discovered 
s aid |y Schiaparelli, but also discovered new ones. He showed 
nals |that the canals crossed equally the deserts and the maria 
and {With their intersections in the maria frequently forming 
rva- {Small, round “oases.” Some of these canals could be seen 
photographs obtained in Lowell’s observatory. Separate 
yno- Cals were also discovered by G. Tikhov in 1909 on 
 At-fPhotographs taken in Pulkovo with a 75-cm refractor 
r be jiring the favourable opposition of Mars. Lowell care- 
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fully investigated the seasonal changes on Mars a 
according to him, consisted in the fact that after th Ich, 
e 
snows had begun to thaw the maria adjoining the Polar |. 
cap started growing darker and changing colour wine Mey 
darkening gradually spreading towards the equator t 
even crossing it into the other hemisphere. and 

Lowell’s observations, which had confirmed the regul í 

5 : : > al 
geometrical form of the canal system, led him to the fir 
belief that they had been built by Martian engineers an 
were incontrovertible proof of the high technica] cultur 
of this planet’s inhabitants. According to Lowey the 
Martian canals were artificial structures designed for 
transferring water from the melting polar caps to the 
equator. He even calculated the capacity of the pressure 
system which the Martian engineers had supposedly built 
and found it was at least 4,000 times as great as that of 
the Niagara Falls. All these considerations of Lowell’s are 
expounded in his books Mars as Abode of Life and Mars 
and Its Canals. Broad sections of lovers of astronomy were 
fascinated by these statements of the existence of think- 
ing beings on Mars. Various means of establishing com- 
munications with the inhabitants of Mars were repeatedly 
proposed. 

But despite the fact that the Martian canals were discov- 
ered approximately 80 years ago and were observed dur- 
ing 36 different oppositions of this planet there is as yet 
no general agreement on their nature. The greatest difficul- 
ty in the solution of the problem lies in the fact that 
even experienced observers are not always able to agree 
on their observations of Mars with the use of the very 
same telescopes. Maunder’s well-known experiments |the n 
proved that such objects as canals which are nearly on |teas 
the borders of visual perception and are caught only during | cond 
the rare moments when the atmosphere is calm can really | the « 
be complex and irregular small details even absolutely {data 
isolated. Only the widest canals can be registered photo- B. 
graphically. There can be no doubt that the finest canals {and 
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| g never been photographed by anybody since the least 
W jon of the air must completely mar the picture even 


‘peat : 
whey actually existed. The solution of the problem of 


ree Fig. 38. Mars after Lowell 


nts the nature of the Martian canals, thus, depends in large 
on jmeasure on the resolving power of the telescope and the 
Ing {Conditions of observation as well as the experience of 
lly {the observer and his ability objectively to evaluate the 
ely \daia of the observations. 

B. Lyot, outstanding observer and designer of ingenious 
ind accurate optic instruments, with the aid of which he 
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himself and his associates observed planets, including Mal 
Mars, has contributed a great deal to the study of Mare pou 
and its canals. Recently, in the Alpine observatory Pic dy pit , 
Midi, located at an altitude of 3,000 metres, they Used a 
telescope with 60-cm lens which enabled them to discern | 
the details on the surface of the planet as though it hag)? 
been brought 300 times as close to the observer, The 
telescope with the 20-cm lens, which was used by Schia. 
parelli and other observers, can bring the object at best | f 
100 times as close. This magnification is possible only | | 
when the atmosphere is ideally calm. As a matter of fact 
atmospheric conditions frequently prevent good visibility, 
To the usual diffraction, which distorts the image, there 
is also added the phenomenon of diffusion connected With 

a disturbance of the air, and its influence is usually in- 
creased with the use of larger instruments. The effective 
resolving power of a telescope may, therefore, not only 
fail to grow, but, on the contrary, diminish with the in- 
crease in its sjze depending on the atmospheric variations, } 
The success in observing planets depends primarily on 
the choice of a sufficiently favourable place correspond- 
ing to the correct arrangement of the atmospheric layers 
in the direction of the line of sight, i.e., absence of a 
turbulent mixing of the air and absence of local air 
currents which result from an uneven heating of the soil 
and of the details of the relief of the area itself, etc. It 
goes without saying that all convective air currents within 
the tube of the telescope, caused by temperature fluctua- 
tions, must also be eliminated. Thus, the observation of 
planets requires extreme caution which is not necessary 
in observing stars or extensive nebulae. It must also be 
taken into account that planets cannot be well observed | 
when they are low over the horizon because in this case |62. 
the fine vibrations of the images increase. In addition it 
is necessary that the apparent dimensions of the planet 
itself be large enough which is possible only at the time 
it is closest to the Earth. 
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wars is usually closest during its oppositions which 
aout approximately every 26 months. But since Mars’ 


voit js an ellipse it happens to be at different distances 


ry Fig. 39. Mars after Antoniadi 


tom the Earth during its various oppositions—within 35 
[062 million miles. The most favourable oppositions occur 
Nety 15 years when Mars is invariably in the southern 
et Misphere and, besides, in summer. Thus, for example, 
ne A favourable opposition occurred on July 2, 1954. Its ap- 

parent diameter constituted approximately 70 per cent of 
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the possible maximum. In September 1956, Mars 
drawn closest to the Earth and its apparent diameter w : 
97 per cent of the possible maximum. The next time Ma 
will come so close will be in 1971. During each of th: 
oppositions Mars can be observed only for two or three 
months. Unfortunately its position during the favouraty 
oppositions in the southern hemisphere is too low over th 
horizon for the observatories of the northern hemisphere 
Thus, for example, for the Pulkovo Observatory, locate4 
under latitude 60°, Mars during its big Opposition jy 
1909 was at a low altitude over the horizon—only 26° 
The best study of Mars requires an observatory some. 
where in the southern hemisphere of the globe in order 
that the planet may not leave the zenith for more than 30°. 
With a 60-cm lens telescope it is possible under extreme. 
ly favourable conditions to “bring” the planet 300 times 
as close. This means that even during the closest approach 
of Mars to the Earth its equivalent distance is conditional- 
ly reduced o 170,000 kilometres at best. But this işi 
achieved very seldom, and under ordinary good atmos- 
pheric conditions Mars appears the way it would appear 
to the naked eye at a distance of at least 300,000 kilo- 
metres. The smallest detail that can be discerned on the 
planet under these circumstances must measure at least 
100 kilometres. It stands to reason that with the quality 
of the picture altering from moment to moment and from 
night to night the observers, depending on their experience | 
and skill, may divine the presence of certain details on. 
Mars which they inevitably stylize, draw in a sufficiently | 
distinct and definite form and then put on their maps. This | 
is, for example, the way Lowell did firmly believing in 
the existence of a geometrically regular network of canals. 
His drawings on which Mars is mottled with numerous | 
canals in the form of finest lines in no way represent the 
appearance of this planet at some definite moment of; 
observation; it is always a summary of odd sketches eae. 
of which contains only a small number of such details. 
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Fig. 40. Mars after the drawings by Lyot 
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On the other hand, Antoniadi, also a highly conscientio,. ylis ` 
o . 10us 30. 
observer and artist by profession, who worked With ae eate 
big telescope of Meudon Observatory, never saw M Č arp 
covered with a geometrically regular network of CaA ut si 
though he discerned many more separate small details pter é 
especially on the surface of the Martian maria, than Lowefk vel 
did. It is clear that in order to ascertain the true Picture Accor 
of Mars it is necessary to increase the resolving power of 
telescopes. This was in some measure accomplished by 
Lyot and his associates who have, undoubtedly, made the 
very best visual observations of Mars. 
The results they have obtained on the Alpine observatory 
Pic du Midi may be characterized as follows. The dark 
maria, which are usually portrayed as uniform areas, really 
have an extraordinary complex structure. They have 
numerous small spots irregularly distributed and different- 
ly coloured. The distribution and appearance of these 
small spots change with each opposition, and after all, 
this conditions the changes in the appearance of the entire | 
maria in which they are located. Apart from the seasonal | 
changes, which occur quite regularly and naturally, men- 
tion should be made of changes of an epochal nature, | 
which sometimes occur slowly and gradually, but in other | 
cases take the form of sudden cataclysms at once chang- 5P°tS 
ing the character of the area. } chan 
A. Dollfus cites a number of examples of these changes S&P! 
on Mars based on his observations in the Pic du Midi ia 
Observatory during 1941-1952. He has, thus, for example, AS 
published a series of drawings showing sharp changes in “Set 
the region of Trivium Charontis since 1943. Two clearly lar f 
visible, distinct parallel lines running in a nearly meridi- three 
onal direction for a distance of approximately 500 kilo- edge: 
metres emerged from a dark spot named Trivium and cont 
ended in small bulges. This phenomenon could still be peat 
traced in 1946, though it appeared dimly, but it has been 
completely disappeared since 1948, though other and finer cana 
details have remained nearly unchanged. The well-known breg: 
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< Lacus is an example of these changes on an even 
scale. In Schiaparelli’s time it appeared as a quite 
nd round formation whence it received its name. 
e the beginning of the 20th century Antoniadi and 
subsequent observers have drawn it as a totality 
y irregular spots generally elongated in a parallel. 
g to A. Dollfus and other observers the dark 
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Fig. 41. The canals on Mars after Dollfus; (left) 
mediocre and (right) good pictures 


Ea spots on Mars are subject to constant and considerable 
changes clearly manifest when the drawings or photo- 
ges graphs obtained at intervals of ten or more years are 
fidi compared. 
le, | As to the nature of the canals we can now quite definitely 
; in assert that they are not continuous and geometrically regu- 
arly lar formations. The canals can generally be divided into 
idi- three categories: relatively wide pale bands with eroded 
ilo- edges; narrow, regular lines but with somewhat indefinite 
and fan ours, and canals proper—thread-like, black and ap- 
be Paring only now and then, but usually invisible. It has 
has ‘been found that in very good pictures all these types of 
ner-Atanals as such disappear. In their place there is an ag- 
wn |@tegate of small details, differently coloured, irregularly 
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shaped and irregularly distributed which quite resembja is 
the details present in the dark maria. In very. goog image.. 
and greatly magnified these details can be studieg ing. eral 
vidually. But if the images grow worse during the Er ‘aii 
night continuous regularly shaped strips immediate a 
reappear in place of the small details and the largest a 
these strips can be photographed. These conclusions Were 
confirmed by N. Barabashev on the basis of his systematic [fp 
observations of Mars at the Kharkov Observatory during [a 
1920-1950. The representation of the canals as bands oe ie 
lines is, thus, simply a stylized unification of the small | 
and irregular details found in their place. As to the canals | 
in the form of finest lines drawn by P. Lowell, they are | 
now regarded as a purely subjective phenomenon peculiar | 
to the eye when it works on the borders. of perception, 
Incidentally, this is clear at least from the fact that the 
canals in Lowell’s drawings are many times as narrow 
as he could have seen in his telescope. 

We may, thus, assume that the so-called canals are 
made up of the same small details that abound on the. 
surface of the maria and that their general systematic | 
distribution is, apparently, connected with certain structur- jg a 
al peculiarities of Martian soil. out | 

It would be interesting to pose the question as to the abo 
Martian relief. No sharp changes in the relief on Mars can | jt jg 
be discerned. There are no data in favour of high moun- also 
tains on the planet. The simplest way to judge the un- rend 
evenness of the planet’s relief is by the melting of the ofc 
polar snows. Observations of this type are quite instructive. | assu 

When the polar snows melt and the size of the polar sup] 
cap diminishes rapidly we can observe separate notchesin | tot 
the contour of the latter and formations of growing islands | ajcq 
which appear in the same places every time. Separate lare 
regions, already free from snow, sometimes turn white | T] 
again for a short period, apparently, due to night hoar- | wig 
frost. Figure 42 shows the nature of seasonal changes mast t 
the polar cap according to A. Dollfus’ observations. It {Schi 
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i; obvious that the local temporarily growing isles of the 
Plar cap are at a considerable altitude above the gen- 
; “Al jevel of the planet. This altitude can be approximately 
‘Vimated if we take into consideration the temperature 
t in Mars’ atmosphere, which, according to Hess, 


Fig. 42. Melting of polar snow on Mars 


tur- | is approximately 4°C per kilometre of altitude. It turns 
out that near Mars’ North Pole there are separate plateaux 
the about one kilometre above the general level of the surface. 
can Jt is quite possible that similar differences in the levels 
UN- also exist in other regions of the planet. This circumstance 
un- ‘renders the existence of a geometrically regular network 
the ‘of canals even more improbable. At the same time Lowell’s 
ive. assumption that the network of canals serves as a water- 
“supply system for feeding water from the polar regions 
ito the different other latitudes and even to the equator is 
also wrong since the water resources in the polar caps 
x are quite negligible. s | 
] The idea that Mars is inhabited by intelligent beings, | 
widespread at the end of the 19th and in the beginning | 
}of the 20th centuries mainly because of Flammarion, | 
Schiaparelli and Lowell, is no longer accepted today. 
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Nevertheless, the assumption that organic life, for example ‘whic 
vegetation, exists on Mars causes no objections, The he ` 
principal argument in favour of the existence of Vegeta. feve 
tion on the planet is the changes in the colouring and form orga 
of the maria observed on it. Pe 

Thus, for example, having discovered Considerah)|@1-th 
changes in Solis Lacus on Mars, Antoniadi wrote A used 
1924-1926: “Some sort of dark-green substance has coy. mer! 
ered the reddish regions over a large area.” The testimony a ra 
of this observer who specially studied Mars for man ‘prod 
years carries considerable weight. Antoniadi believed that lin tl 
vegetation developed on Mars before his eyes. The enor. cand, 
mous majority of investigators is also of this opinion. In (impi 
our country these views have become widespread mainly | In 
because of G. Tikhov’s works (The Planet Mars and About on 1 
Vegetation on Mars). pass 

G. Tikhov began his observations of Mars as early as as a 
1909, when he secured photographs of this planet in ‘idea 
different rays of the spectrum with the aid of the 75-cm mer 
Pulkovo refractor. During 1918-1920 Tikhov continued to | Moc 
study Mars visually in Pulkovo by means of a 38-cm re- forr 
fractor and discovered regular changes in colouring | Sm 
connected with the Martian seasons. He is one of the Eng 
chief propagandists of the existence of organic life on aim 
Mars. G. Tikhov’s views were expounded by various bec 
authors in numerous lectures, pamphlets and popular- I 
science books. the 

It should be noted that the idea that Mars is inhabited | pos 
has gained wide popularity abroad. Thus, for example, on 
Spencer-Jones in his book Life in Other Worlds, published kne 
in a Russian translation in 1946, makes the following of 


statements: “On the planet Mars ... we really encounter — wic 
an almost definitely established existence of a vegetative | me 
cover.... I believe we must see in Mars a world with als 
life dying out. The vegetable forms, which can now con- 7 
tinue their precarious existence on the planet, are doomed A oth 
to extinction in the very near future. ...”’ The last sentence, | the 
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le me sounds rather pessimistic, reflects an evaluation of 
ane a influence of the Martian physical conditions, whose 
e 


eta. lceverity is gradually ascertained, on the existence of 
eta- js : 
orm 


organic ife. A : : p z 
perfectly objective physical methods of investigation . 


bigi- inermoeleetio, photometric and polarimetric—have been 
in used in studying Mars in the last 30 years, whereas for- 
‘oy. merly the planet had been studied only visually, and, as 
ony a rare exception, more or less felicitous photographs re- 
any producing, at best, only the principal details were made. 
that Jn the U.S.S.R. the systematic observations of V. Sharonov 
10r- ‘and, especially, N. Barabashev were of considerable 
. In |jmportance. l = 
inly In general, a thorough study of the physical conditions 
out on Mars is conducive to a gradual rejection of the former 
passions despite the widespread desire to see the planet 
ras ag a carrier of life similar to the Earth. Nevertheless, the 
in ‘idea of life on Mars is most widespread among astrono- 
-Cm |mers today irrespective of their ideological tendencies. 
l to Modern idealists do not differ in this respect from the 
re- former ones. Thus, for example, the British astronomer 
ing Smart in his book The Origin of the Earth, published in 
the England in 1951, after making a declaration of the “cosmic 
on aim” and the “divine creator,” writes that life is gradually 
ous becoming extinct on Mars. 
lar- In this respect there is no difference between Smart, 
the idealist, and Spencer-Jones, who occupies a materialist 
ted position. Both of them acknowledge the existence of life 
ple, on Mars in some more or less primitive form. The well- 
hed known idealist James Jeans who was sceptical of the idea 
ing of life on Mars nonetheless believed that life might be 
iter widespread in the Universe generally. In his book Move- 
ive | ments of Worlds he wrote: “It is possible that other stars 
ith „also have inhabited planets in their families” (Pp. 58). 
on: Thus, the attitude to the problem of organic life in the 
ned oe worlds alone does not in our epoch fully determine 


ce, | the nature of the scientists’ philosophical views and does 
j 
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not always serve as a cause for ideological struggle, Th ect 
private problem of life on Mars, despite the opinion a hyd 
some investigators, is even of lesser importance as regards palog 
ideology. pserv 
But the idea that Mars is inhabited by higher organisms i t the 
which is at variance with facts, leads to unhealthy Sena ou 
tions even today. The stories about the Tunguska Meteorite jnest 
claimed by some Soviet writers to have been an inter- ‘titud 
planetary (Martian) ship, wrecked in landing, may serve as of pre 
an example of this. uch 
he te 

| The 

We shall now briefly dwell on the problem of the itmos 
physical conditions on Mars as they appear in the light bf pur 
of modern data. A general summary of these data was light ! 
recently made by de Vocouleur in his book published Y. Shi 
in 1951. hev, 
Mars has acnoticeable, though quite rare, atmosphere purely 
with a “violet” layer (5-25 kilometres high), which ind tl 
vigorously absorbs in the blue, violet and ultraviolet parts -atmos 


of the spectrum, located in its lower parts. Its nature is to usi 
as yet unknown; it may consist even of minutest crystals at difi 
of carbon dioxide, but, most probably, of crystals of ice. develc 
This layer is not quite uniform and sometimes forms Hess - 
visible gaps. atmos 
There are two types of clouds in Mars’ atmosphere. The by st 
lower yellow clouds are, apparently, a diffuse sheet of for e 
sand dust raised by winds from the planet’s soil. Observa- {tempe 
tions of many investigators show that this dust is capable Lamp 
of obscuring details of the surface for a considerable (sure. 
length of time. The clouds of the upper tier (18-25 kilo- Hg o 
metres) are violet-coloured, transparent and invisible in (eter 
the red rays, but very well seen in the blue and, especially, ‘festri: 
violet rays. This is why in the violet and ultraviolet rays ltalcul 
Mars looks entirely different from what it does in the 
usual visual and, particularly, in the red rays of the 
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h pectrum. The nature of the upper clouds hardly causes 
a | y doubts now. In their properties they are completely 
dg nalogous with the silvery terrestrial clouds which are 
served at an altitude of 80 kilometres, i.e., precisely 
į the altitude with the lowest temperature. The silvery 


clouds, as has been shown by I. Khvostikov, consist of 


te nest crystals of ice, and their presence at precisely this 
ar. ititude can be determined on the basis of the distribution 
ag Jf pressure and temperature in the terrestrial atmosphere. 
uch clouds cannot give any precipitation either under 
he terrestrial conditions or on Mars, and especially on 
he latter. 
The atmospheric pressure and, consequently, the total 
he #tmospheric mass on Mars can be determined on the basis 


ht df purely photometric observations conducted with various 
ight filters. Such work was done in the U.S.S.R. by 
ed 7. Sharonov and N. Sitinskaya, as well as by N. Baraba- 
hev, B. Semeikin and Timoshenko. First the aerosol and 
purely gaseous constituents of the atmosphere are divided 
ch Ind then the value of the latter, which conditions the 
tS htmospheric pressure, is determined. It is also possible 
is to use the determinations of the degree of polarization 
ils at different points of the planet’s disk. This method was 
e. developed and used by Lyot and his pupil Dollfus. Finally, 
ns Hess has shown that if the force of gravity is known the 

atmospheric pressure on Mars’ surface can be determined 
he by studying the altitude of cloud condensation (known, 
of for example, from Antoniadi’s observations) and the 
iemperature on its surface (established by Coblentz and 
le Lampland). The mean value of the atmospheric pres- 
le sure on the level of Mars’ soil corresponding to 65 mm 
o- ‘Hg or 87 millibars was obtained from ten different 
in (determinations. (To make direct comparison with ter- 
y, ‘testrial conditions possible it was assumed during the 
ys lcalculations that the mercury was under the action of 
ne -\terrestrial rather than Martian gravity.) Under this pres- 
ne [ure water boils at 43°C. Since the temperature on Mars’ 
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surface is always lower the water on it can be in g liquig, extra 


state. ina 

On the basis of the known force of gravity we can fing be le 
that the pressure in Mars’ atmosphere diminishes venfold) oxy8 
with each 40-kilometre rise. The terrestrial and Martian! accu: 
atmospheric pressures are equal- in M 


ized at an altitude of 28 kilo- pd | giscc 
metres. At higher altitudes the peen 
atmospheric pressure on Mars is 100 lw 
greater than it is on the Earth. j pher 

Observations have shown to pl 
that the atmospheric circulation 2 ss elen 
on Mars is very much like that Ss oftl 
on the Earth. But the velocity ~~ harc 
and distribution of the winds, “ 3 (ver 
determined by the displace- > | ence 
ments of cloud masses, are not 4m S expt 
well enough known as yet. x natt 

The question of the chemical S and 
composition of Mars’ atmos- s% > phei 
phere is very important. It has = less 
been possible directly to dis- & proc 
cover only carbon dioxide ina of t 
quantity only double that of tion 
the Earth. No oxygen has been 799 beir 
found at all. The powerful surf 


modern spectrographs can con- ya 20° 40° 60° 60° 100° of t 


fidently separate the oxygen es E a a 
lines on Mars from those in themes on Mars. “compare! BA 
terrestrial atmosphere. With with the high mountains Ma) 
the perfect modern scientific on the Earth Uni 
methods these lines could have On 
been discovered even if there were 1,000 times as little | pro 
oxygen on Mars as there is on the Earth. It has been ` par 
impossible, however, to discover the least trace of oxygen | hig 
on Mars. It is very possible that there is no oxygen nd fun 
Mars at all, because it can be hardly supposed that so | atu 
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traordinarily active a gas could exist in an atmosphere 
a negligible quantity. At any rate, on Mars there must 
fing be less than 0.1 e of the amount of terrestrial 
fola, oxygen: This ea a Baden: Ue orod the more 
tian! accurate the observations. There is so little water vapours 
Ain Mars’ atmosphere that it is also absolutely impossible to 
| jiscover them spectroscopically. Investigators have also 
peen unable to find any other gas constituents. 
| what then can the principal constituents of Mars’ atmos- 
| phere possibly be? In considering this problem it is natural 
to proceed, firstly, from the general abundance of different 
| elements in nature and, secondly, from the composition 
t| | of the terrestrial atmosphere. It is obvious that there are 
hardly any of the lightest gases—hydrogen and helium 
| (very plentiful in the Universe)—just as they are rarely 
encountered in a free state on the Earth. Nor can we 
d expect on Mars any neon, extraordinarily widespread in 
nature, since this inert gas is undoubtedly a primary gas 
and is hardly encountered even in the terrestrial atmos- 
| phere. Argon with its atomic weight 40, constituting a little 
less than one per cent of the terrestrial atmosphere, is a 
product of radioactive disintegration while the activity 
of this process on each planet is approximately propor- 
tional to its mass. It may be assumed, all other conditions 
being equal, that the amount of this gas over a unit of 
surface must be approximately proportional to the radius 
of the planet. For this reason there is, apparently, hardly 
any argon on Mars either. 
red Nitrogen must, evidently, be the principal gas in the 
ins | Martian atmosphere. This gas is very widespread in the 
Universe and is plentiful in the terrestrial atmosphere. 
On the Earth it is liberated as a result of various tectonic 


quiq & 
i 


tle 4 processes, partly in compounds with other elements and 
A | partly in a free state. A. Fersman, for example, noted a 
J| 

> 


_ high content of nitrogen in the mud-volcanoes and the cold 
oof fumaroles of the Kamchatka volcanoes. At a high temper- 

| ature nitrogen can be liberated in a pure state. Such libera- 
j 
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tion occurred, for example, from the bore hole in the 
dunite massif of Nizhny Tagil, where the liberated Bases 
consist of 57 per cent No, from the fumarole of the Avachy 
Volcano on Kamchatka, where the volume of nitrogen 
constitutes 24 per cent of the liberated gases, and from a 
bore hole in the State of Utah (U.S.A.), where the daily 
debit of liberated nitrogen exceeds 500,000 cubic metres 
at a pressure of 50 atmospheres (content about 1.1 per 
cent). The highest content of nitrogen in gas currents was 
registered in Emba Tulus (100 per cent and rare admix- 
tures), in Belokurikha in the Altai and elsewhere. In ad- 
dition, there is a large number of springs of water with 
nitrogen, especially in the central and northern parts of 
the U.S.S.R. Nitrogen in a pure state can also be liberated 
into the atmosphere from the soil by certain bacteria— 
denitrifiers. It is possible that nitrogen is partly of a bio- 
genic origin, as Academician V. Vernadsky supposed, and 
partly of a tectonic origin, as it is actually observed, 
Getting into the. atmosphere nitrogen, as a relatively inert 
gas, can remain in it for an indefinitely long time especial- 
ly if there are no microorganisms to consume it. It can, 
therefore, be assumed that at least 98 per cent of Mars’ 
atmosphere is nitrogen. The remaining two per cent are 
made up of argon, carbon dioxide and small additional 
admixtures. 

As Vocouleur observes, the atmosphere of this compo- 
sition actively absorbs the extreme ultraviolet rays. As 
a result of photochemical dissociation of nitrogen all waves 
less than 0.17 micron long are absorbed; carbon dioxide 
absorbs the rays at a wavelength of 0.20 microns; but 
the violet layer in Mars’ atmosphere, very probably, 
absorbs a considerable part of the rays in the interval of 
0.35-0.40 microns. 

Compared with the Earth, clouds are an extremely rare 
phenomenon on Mars, but over the entire surface of the 
planet as a whole they can be observed quite frequently, 
nonetheless. Thus, for example, N. Barabashev was able 
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observe one or two such formations most of the times. 
es solid precipitation See Ne rarer. White clouds form 
ny inl near Mars’ terminator, i.e., actually on the edge of 
en is disk where the temperature is much lower and the 
a | onditions for their condensation are more favourable. 

ly A| The grey diffuse clouds, which various observers ascribed 
es ig ejection of gases and fine dust during volcanic eruptions, 
er bre observed much rarer. During the very favourable op- 
as | sitions in 1909 and 1911 Antoniadi often observed from 
X- ithe Meudon Observatory that the Deucaleon Regio was 


d- veiled by greyish cover which he ascribed to volcanism. 
= iT, Saheki describes a number of strange grey clouds which 
od were observed on Mars at different times during 1950-1952 
py members of the Martian section of the Eastern 
o- Astronomical Association of Japan. These formations some- 


ad times become diffuse and occupy an area with a diameter 
d. of nearly 1,000 kilometres and rise, according to T. Saheki, 
rt „toan altitude of 100-200 kilometres above the level of the 
il- | ianet’s surface. If they turn out to be near the edge of the 
n, disk they present a definite elevation as compared with the 
general level, which is clearly seen on the drawings made. 
re Their formation, apparently, does not depend on the distri- 
al bution of temperature on the surface of the planet. If it 

could be established that their appearance is connected 
o- with definite details onthe surface the assumption of 
is volcanism on Mars would receive considerable observa- 
es tional grounding. At any rate, formation of such cloud 
le masses, comparatively compact and consisting, judging by 
at their colour, of quite large particles, at an altitude of 
Y» hundreds of kilometres does not seem possible. On the 
of other hand, if on the Earth abounding in water and on 

the Moon where there is no water or air volcanism 
re manifested itself very actively in the past and manifests 
itself weakly now, there are no reasons to deny similar 
Y> < phenomena on Mars, which in its nature is intermediate 
tween the Earth and the Moon. 
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Mars’ climate can be characterized as follows. Th caps 
temperature of the surface of the planet is lower than more 
the terrestrial on the average by 30-40°C. At the equator | ae 
the mean temperature of the soil is —10, —20°C, in the foe 
polar regions —60°C. The amplitude of daily temperature than 
fluctuations is more than 50-60°C with the maximurn P 
reached at about one o'clock in the afternoon. The hoy 
amplitude of annual fluctuations is taken at about 120° at at a 
the South Pole, about 100°C at the North Pole, 50°C j, 15? 
the intermediate regions and approximately 30°C at the will 
equator. 


It is essential to note that in the daytime the tem- a col 

| perature of the dark spots is higher than that of the light “A 
iiH regions by approximately 10-15°C. The highest soil tem- =. 
ii perature in the equatorial regions in the daytime is 10°C, ret 


in the Martian deserts it is 20°C and in the so-called maria Sı 
it is 25°C. The temperature of the air near the surface is 
much lower than the temperature of the soil and always | 
stays below zero. In the daytime this difference constitutes ‘rapi 
at least 30-40°C and is, probably, evened out at night. mati 
Intensive convection with a rapid drop in temperature as tem, 
the altitude increases must be developed in Mars because int 
of this. It may be assumed that at the altitude of 15 kilo- eon 
metres the temperature drops to —80, —100°C. W 
The temperature of the clouds of the first type (yellow) conc 
i and of the polar fogs which absorb the radiation of the into 
yi surface is no higher than —70, —80°C which corresponds as a 
with the probable temperature of the Martian atmosphere sepa 


l at an altitude of 15-20 kilometres. The clouds of the are 
Í second type, analogous to our silvery clouds, have an even or ¢ 
lower temperature. free 


The polar caps on Mars are composed mainly of hoar- duri 
frost with a very low temperature. The thickness of these the 
caps is unknown, but it must be insignificant—about 4  recc 
fraction of a millimetre—as can be judged by the rate of A poli 
their thawing. The nonmelting central part of the polar {con 
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P ș consists, in all probability, of ice, but it cannot be 
The | ore than a few centimetres thick either. 
fan |r According to modern spectroscopic determinations the 
itor total content of water in the Martian atmosphere is less 
the lihan 0.001 of the water content on the Earth in winter 
i yer mountains 2,000 metres high. Simple calculations 
urn show that if we take the relative humidity as 50 per cent 
e ta temperature of —10°C, which approximately cor- 
at ‘responds to our mountain conditions, absolute humidity 
In | ill equal only i mm. Hence, according to the well-known 
the formula, the content of water in the entire atmosphere in 

A column of air over the surface of the Earth of one square 
em- |m will be only 2-4 mm (2-4 kilograms per square metre). 
ght The content of water in the Martian atmosphere will be 
M- jess than 1/1,000 of this quantity, i.e., less than a layer 
PC, 9x10-4-4x10—4 cm thick. 
wia | guch is the unusual dryness of the Martian air which by 
> iS far exceeds anything that can be encountered in the ter- 
AYS vestrial deserts. But the absolute humidity in saturation 
ites | rapidly diminishes with a drop in temperature (approxi- 
sht. mately 1,000-fold at a drop of 65°C); consequently, at the 
as temperature of —70°C, which is observed on Mars in 
use winter, even this negUgible quantity of vapours is apt to 
ilo- condense into the finest observed clouds. 

With an uneven distribution of vapours this process of 
yw) condensation occurs even more simply. We must take 
the into consideration that atmospheric circulation is limited, 
nds asa rule, to a definite hemisphere, i.e., the air circulates 
ere separately in each hemisphere. It is well known that there 
the are absolutely no water reservoirs with an open surface 
yen or even small water channels on Mars. This absence of 

free water on the planet compels the assumption that 
ar- during the melting of snow or hoar-frost, to be exact, all 
ese the vapours go directly into the atmosphere and are later 
t a tecondensed. Thus, if we disregard the nearly permanent 
of A polar snows, which occupy a very small area, we may 
lar {conclude that the total quantity of water on Mars is 
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scarcely several times the amount contained in its atmos- | 
phere. The water-vapour content obtained above yields 
a value corresponding to 2.88x108 tons of water for the | 
entire Martian atmosphere. | 
This is approximately from 1/1,000,000 to 1/10,000,099 ! 
the amount of water contained in the living organisms oń 
the Earth alone. Under these conditions there can be no 
question of even a thin cover of snow on Mars. The 
observed white cover, which forms in winter, must simply 
consist of hoar-frost deposited on the surface of the planet 
and rapidly disappearing even with a small rise in tem. 
perature. 
The seasonal changes on Mars are as follows. A very 
rare cloud of fog, probably consisting of fine crystals of 
ice floating in the atmosphere, gathers over the polar cap | 
at the end of winter or in the beginning of spring. The 
cloud is unstable and dissipates during spring. In spring 
a dark border several hundred kilometres wide, in all prob- 
ability resulting from the thaw, surrounds the polar cap. j 
The darkening spreads from the respective polar cap to | 
the equator at a rate of 45 kilometres per day. The wave 
of darkening crosses the equator and continues to spread 
in the same direction in the opposite hemisphere reaching: 
approximately latitude 40° by the beginning of summer. 
According to Vocouleur this picture of changes has been 
established quite authentically. The entire process of the 
propagation of darkening from latitude 60° North to 
latitude 40° South, i.e., within the latitudes of 100° for 
both hemispheres, is, thus, connected with the apparent 
movement of the Sun on Mars’ firmament from the equator 
(beginning of spring) to the circle of the tropic (beginning 
of summer). When the Sun, after turning back, recrosses 
the equator into the other hemisphere this wave of darken- | to 
ing begins to move in the opposite direction and the the 
phenomenon symmetrically recurs in time. the 
It is perfectly clear that such changes cannot be the A this 
result of simple atmospheric circulation, which is limited stil 
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ng | Fig. 44. Seasonal changes on Mars 


oe to each hemisphere alone; to an even lesser extent can 
the they result from the spread of some sort of moisture over 
Ted the surface of the planet. Vocouleur is inclined to explain 

4 this phenomenon by atmospheric diffusion. He describes 


ted still another phenomenon, which is analogous to the 
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darkening and which spreads over the same period of time 
and in the same order, but at half that rate—about 20 
kilometres per day. The nature of these phenomena is as 
yet unknown. It should be noted, however, that N. Bara- 
bashev, who has had enormous experience in investigatin 
Mars, makes no mention of this type of seasonal changes, 

From what we know of the physical conditions on Marş 
today the climate of this planet can be compared only with 
that of imaginary Alpine plateaux on the Earth at an alti- 
tude of about 18-20 kilometres if we lower their tem- 
perature by approximately 30-40°C, greatly reduce the 
content of ‘water vapours and fully or almost fully remove 
the oxygen from their atmospheres. Mars presents a 
polar, arid Alpine desert with a negligible atmospheric 
pressure, without or nearly without oxygen. There is no 
water in the form of reservoirs or streams with an open 
water surface of the planet. This is acknowledged by all 
investigators wjthout exception since it is based on abso- 
lutely incontestable data. The amount of water in the 
atmosphere per one square centimetre of surface does not 
exceed a few hundredths of a gram. Can we suppose that 
with the extreme lack of surface and atmospheric water 
on Mars there can be much more subsoil water as is the 
case in the terrestrial deserts? There are, apparently, no 
reasons for such a conclusion since the subsoil waters on 
the Earth are the same surface waters which have soaked 
into the ground to a certain waterproof horizon. 

If we compare Mars with the Earth as regards the abun- 
dance of water we shall get the following correlation. By 
distributing the water of the oceans uniformly around the 
entire surface of the Earth we get a layer several kilo- 
metres thick, while the entire similarly distributed water 
reserve on Mars will form a layer only a few tenths of 
a millimetre thick. 
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| We shall now make some general comments as to 


z nether life could possibly have formed and can exist on 
as fars DY analogy with the Earth. On the Earth, despite the 
E ‘onstant coming of seeds and germs from the regions 


ng abounding in life and despite the adaptation of new vital 
8, orms the dependence of life on the conditions of existence 
Sb peen clearly manifest over millions of years. The 
x sreatest multiformity of life is in the tropics, where the 
a ‘emperature and, chiefly, the humidity are higher than 
l- ‘nywhere else on the Earth. Life grows poorer and more 
es slementary in forms the closer it comes to the poles and 
he the higher it rises above the surface of the Earth. In the 
Me errestrial climate orchards, forests and cultivated fields 
a e situated at foothills; higher, to an altitude of 2-2.5 
IC kilometres, there are only conifers which disappear where 
NO there is low humidity (for example, the southern and drier 
en dope of the foothills of the Trans-Ilian Alatau is absolute- 
all ly devoid of arboreous vegetation, which, however, densely 
0- covers the northern, more humid slopes at the same alti- 
he tude); still higher are Alpine meadows covered only with 
ot grasses, while higher still there are boulder-stones with 
at hin grass. This is followed by eternal snows which, ap- 
er parently, run throughout the thickness of the troposphere 
he where the moisture is transferred and clouds form. 
10 If the mountains on the Earth rose much higher than 
yn the troposphere, i.e., beyond the atmosphere, abounding in 
əd water vapours, at a sufficient altitude they would be de- 
prived of the eternal snows and would retain only a dry 
n- rocky desert greatly heated in the daytime and similarly 
3y cooled at night. The temperature of the air would always 
1e keep extremely low, even in the daytime it would be much 
o- lower than the temperature of the soil. It has already been 
er said that such an imaginary desert at an altitude of 18-20 
of kilometres but with a temperature a few dozen degrees 
lower than that on the Earth and fully or nearly fully de- 
“oid of oxygen would very closely resemble the surface 
of Mars as it appears according to present-day data. What 
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life could exist on the Earth on such an Alpine plateau a 
Can living organisms have a metabolism under these con. ‘suff 
ditions? It would be absurd after passing the Tegion of hav 
eternal snows and entering the arid and frozen desert to fro 
expect again grass, trees or any higher forms of Vegeta-! exis 
tion, in general, which have long since disappeared at thatha: 
much lower altitude. It is clear that even on the Earth Ji 
where life has existed, modified and adapted itself to the the 
i environment for many millions of years, only the most the 
a primitive of its forms could exist under these conditions, | per 
ne The question as to whether life can exist on Mars can Ear 
i also be approached from another angle. In order for life mel 
: to exist it must, certainly, first, originate on the given hig 
planet. On the basis of the physical and biological Science ges 
jil of today the theory of panspermia—the transfer of organic of 1 
At germs from one planet to another—can be considered 
iH completely discredited. N. Kholodny has very vividly of i 
shown that multiform organic life could not possibly have . jg r 
Al sprung from the microorganisms brought to the Earth | of | 
from another planet according to the hypothesis of pan- | 


wit 


hoa 

spermia. Hence, if life in some way or other exists on | {to 1 
Mars it must have originated on the same planet. However, vap 
under the conditions existing on Mars today the possibili- T 
ty of origination of life appears quite doubtful. fac 
As a matter of fact the protein molecule consisting of muy 
four principal elements—hydrogen, carbon, nitrogen and yo 
oxygen—as well as phosphorus, sulphur and certain other tior 
elements is the basis of life. The unification of these ele- pro 
ments and the building of a protein molecule require not yaa 


only their existence on the given celestial body, but 
also possibilities for their free migration, opportunities for 
meeting which enable them to enter into various combina- y 
tions. In a perfectly dry desert this is absolutely impos- any 
sible. It requires some aqueous medium which contains Org 
i different inorganic compounds in solution. This is why re- exi! 
| servoirs are necessary for the origination of life. These A the 
reservoirs may be of different size, but they must ensure itse 
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| 
eau? w active metabolism, for example through streams with 
Con- sufficiently large surfaces. Life on Mars could, therefore, 
n of have originated only under conditions absolutely different 
rt to from those prevailing today, i.e., a denser atmosphere, 
veta- existence Of open reservoirs and a higher temperature 
; theTthan that of today. 
arth It should be noted that an increase in humidity and in 
j the ‘the total quantity of water alone is by far insufficient for 
nost | the formation of open reservoirs. On Mars, where the tem- 
Ons, | perature is on the average 30-40°C lower than on the 
can parth these reservoirs would simply be frozen and never 
life melting basins of ice, like the eternal snow and ice on the 
iven high mountains of the Earth. It has been repeatedly sug- 
once gested that a drop of only 9-10°C in the mean temperature 
anic of the Earth would suffice to cause a new glacial period 
red with a big part of the Earth again covered by a heavy coat 
idly of ice. There are no ice spaces on Mars only because there 
lave jg no water and nothing to freeze. The negligible amount 
arth | of water vapour in the atmosphere of this planet forms 
an- hoar-frost, settles as such and then evaporates again owing 
on ‘to the fact that saturation of the atmosphere with water 
ver, yapour corresponds to a very low temperature there. 
bili- ` The origin of life on Mars would have been enormously 
facilitated if the planet had a higher temperature and a 
; Of much greater reserve of water. In this case, however, we 
and would have to assume that Mars has evolved in the direc- 
her tion of sharp drying and cooling. There has been no such 
ele- process on the Earth, as we can suppose, and there are no 


a reasons to believe that it is taking place on Mars. 
u 


for 
na- | We shall now consider the question of whether there is 
os- any direct proof of the existence of organic life on Mars. 
mS Organic life on a planet manifests itself primarily in the 
re- = existence of a biosphere. V. Vernadsky was the first to call 
ese A the attention to the fact that life on the Earth manifests 
are itself on a cosmic scale occupying the space from a depth 


| 
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of 3 kilometres to an altitude of about 10 kilometres in rę. 
lation to the Earth’s surface. The shell in which the Vital 
processes occur he named the biosphere. According to 
V. Vernadsky, all of the outer layers of the Earth’s crust 
have been changed by life 99 per cent as regards their 
weight. £ 

The modern terrestrial atmosphere has also been createg 

in considerable measure by living organisms, which take 
an active part in the migration and accumulation of many 
elements—C, O, N, Ca, K, Si, P, S, Fe, Mg, Mn, Cu, Zn 
Na, J, etc. The organisms secrete into the atmosphere 
various gases, for example, O2, CO, No, NH3, CH,, Hh, ete, 
In part, bacteria destroy organic substances liberating 
H,O, CON, HS, NH3, Hy, CH,, etc. The tension of the 
biochemical energy of the living organisms is enormous. 

L. Berg cites the following example: decomposition of 
kaolin into its component parts with the isolation of free 
alumina and silica in a laboratory can be effected at a 
temperature of at least 1,000°C, while living organisms, 
Diatomea, do the same at the ordinary temperature. In the 
inorganic crust of the Earth water and carbon dioxide 
never break up into their component parts; this is possible 
only in magma at very high temperatures. But living 
organisms do it on a tremendous scale at the ordinary 
temperature. 

The bacteria play an exceptional role. It is well known 
that even alumosilicates—unusually stable compounds, 
constituting, according to Vernadsky, more than half the 
Earth’s crust and easily resisting sulphuric acid, are decom- 
posed by special bacteria. Silicate bacteria destroy even 
granite and prepare the soil for the growth of plants. 

At the same time living organisms have the ability to 
multiply extremely rapidly under favourable conditions. 
Thus, for example, the choleraic vibrio can produce in a 
single day 6.4x10?8 individuals representing 61-62 genera- 
tions. Even the simplest seaweeds, Diatomea, can produce 
five generations a day. Under conditions of unimpeded re- 
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| ke. 
R | roduction the living organisms could fill the globe in an 
ital extremely short time: the choleraic vibrios in 1.25 days, 
to the Diatomea in 16.8 days, the green plankton approxi- 
“Ust | mately in 168-183 days, the flies in 366 days and the 
heir | chickens 1n 15-18 years. 

f V. Vernadsky estimates the total weight of living sub- 
ited ` stance in the terrestrial biosphere at approximately 
ake 104-1015 tons, which constitutes 10— of the weight of the 
any  Earth’s crust. The quantity of free oxygen in the atmos- 
| phere and hydrosphere is comparable with the weight of liv- 
ere | jng substance and constitutes approximately 1.5x1015 tons. 
etc, | Free oxygen is a product of the green vegetable world. 
‘ing | This is well known and needs no proof. It is interesting to 
the note that, unlike the other gases, free oxygen in the terres- 
3. trial atmosphere is in a state of dynamic equilibrium: it is 
of constantly spent on the processes of oxidation and is con- 
‘ree | stantly renewed by the activity of the green plants. Had it 
ta ‘not been for the plants, oxygen could have completely 
disappeared from the atmosphere in a few years. L. Berg 
| observes that the amount of free oxygen that passes an- 
ide | nually through living substance corresponds approximate- 
ible ly to its total quantity contained in the air, namely, 1015 
‘ing tons. Besides the green plants oxygen is also produced as 
ary aresult of decomposition of water by the ultraviolet radia- 

tion of the Sun and by radioactive substances. These prod- 
wn esses, however, are absolutely insignificant. We must 
ids, not think that the process of oxygen isolation is condi- 
the tioned mainly by the higher chlorophyll plants. The plank- 
M- ton in the oceans is of tremendous importance in this 
ven respect; plankton occupies an area of millions of square 
+ kilometres at an average thickness of 100 metres. A certain 
to part of the atmospheric oxygen is created in this film 
ns. | where green plants are abundantly represented. ; 
na The great cosmic role of the living substance, which 
ra \ constitutes the biosphere, is conditioned by the processes 
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ace “| of exchange with the environment which is accompanied 
ne by the most powerful chemical reactions, as well as rapid 
213 


j 
| 


in CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


1 
t 
| 
| 


| 
} 
f 
H 
i 
| 


reproduction, i.e., increase in the quantity of living matter 
and, lastly, by the long existence of the biosphere corre. 
sponding to at least one thousand million years. During this 
time the living substance has remade the surface layers of 
the Earth and created the soil and all sorts of local accu- 


mulations of ores and deposits, as well as a new atmos! 


phere of secondary origin, mainly of a nitrogen-oxygen 
composition. It should be noted that free oxygen was not 
only created, but is preserved by life without which jt 
could not have persisted because of its extraordinary in. 
tense chemical activity. Free oxygen is, thus, a character- 
istic of the biosphere which exists at the given moment on 
the planet under consideration. 

_ The question of atmospheric nitrogen is more com- 
plicated. This gas is relatively inert and can, therefore, 
apparently, persist in the atmosphere for a very long time. 
At the same time atmospheric nitrogen can only be of 
secondary origin and must, therefore, have formed after 
the final formation of the Earth. This clearly follows from 
the fact that only negligible traces of inert gases of 
different atomic weights have persisted in the terrestrial 
atmosphere though they all belong to elements extensively 
widespread in nature. Academician V. Vernadsky believes 
that all of the atmospheric nitrogen is of a biogenic nature. 
If this were true nitrogen in the atmosphere could serve 
as a sign that organic life existed on the given planet in 
the past at least in the form of bacteria—nitrifiers, capable 
of binding atmospheric nitrogen, and denitrifiers, capable 
of liberating this gas from inorganic compounds—nitrates 
and nitrites. 

However, modern data of geochemistry definitely in- 
dicate that, unlike oxygen, free molecular nitrogen can be 
liberated as a result of tectonic processes from great depths 
where the temperature is high enough to break up the 
nitrogen compounds without the aid of living organisms. 


On the other hand, the considerations that living organisms à 


participate in the creation of molecular nitrogen have not 
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a yet any quantitative grounds which renders the ap- 
tter, -A of the real significance of organisms in the forma- 
e m n of the terrestrial atmosphere extremely difficult. 
this | On the basis of the foregoing we may, thus, conclude 
: of kan free oxygen in the atmosphere of a planet is the only 
nogiifincontestable criterion in the question of the existence of 
; , biosphere on it. The existence of molecular nitrogen 
gen cannot serve as such a criterion. No free oxygen has been 
discovered on Mars. We must, therefore, conclude that 


i i there is no biosphere on Mars either. Organic life has not 
= ‘manifested itself on this planet on a cosmic scale as it has 
ton on the Earth. 
om; If we take it that there is no biosphere on Mars, maybe 
yS organic life still manifests itself there in separate, at least 
a ‘very small, areas? As has already been pointed out it is 
ae ‘most generally accepted that the Martian maria with their 
net seasonal changes in reflective ability anda colouring are 
of areas covered by vegetation. G. Tikhov even supposes that 
rial this vegetation may belong to the higher deciduous and 
rely coniferous forms which have adjusted themselves to the 
yes severe conditions of this planet and, in particular, have 
ure, lost the ability intensely to reflect solar rays in the nearest 
rve infrared part of the spectrum. These considerations are 
tin backed up by the results of the investigations of the Sec- 


ble tion of Astrobotany of the Kazakh Academy of Sciences 
ble conducted, it is true, only with respect to green vegetation 
under different terrestrial conditions. G. Tikhov writes 
about the Martian vegetation surmised by him: “What 
in- kind of vegetation can we think of on Mars? In the first 
‘be Place this must be an undersized vegetation pressing 
ths closer to the ground. It must be essentially grasses and 
the creeping bushes of a green-blue colour.... The Martian 
ms. , Plants may remotely resemble our Alpine and polar juni- 
ms Apers, cranberry, cowberry, moss, lichens and other north- 
not êm and Alpine plants.” 
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We have already mentioned that the existence of some | 
forms of vegetation on Mars is asserted or at least con. 
sidered quite probable by many investigators in the U.S.S.R 
and abroad. $ 

We shall now examine the actual evidence in favour off 


this assertion. The most favourite method extensively usé 


with reference to Mars is the study of the distribution of 
the reflective ability of its various details in different 
spectral rays by means of light filters or, in rare cases, the 
spectrograph. 

It is well known that green vegetation is usually noted 
for its small maximum of light reflection in the region of 
the spectrum about 560 m yœ (chlorophyll maximum), as 
well as its sharply defined infrared excess. Green foliage 
photographed through a light filter, which filters only 
infrared rays, looks as if it were covered by snow and js 
sharply defined against the perfectly dark background of 
the sky. These peculiarities are most clearly manifest jn ' 
spring on fresh green vegetation and are somewhat 
smoothed down in autumn as is well seen on the spectro- 
photometric curves obtained by Y. Krinov under various 
conditions. 

What are the spectral peculiarities of the dark spots on 
Mars, its maria or oases—the only regions of the planet 
where the existence of vegetation can be assumed? The 
Martian maria in no way resemble terrestrial vegetation 
spectrophotometrically. The green maximum cannot es- 
sentially be established there. Its presence would lead to 
an incredibly small contrast in the green rays between the 
light and dark regions on Mars which would be at variance 
with the observations. The infrared excess is also absent 
and the Martian maria, therefore, appear most contrasting 
in these rays aS compared with the deserts. 

The extensive investigations of the Section of Astrobot- 
any of the Kazakh Academy of Sciences show, however, 


that the aforesaid spectrophotometric peculiarities are”) 


not necessary even for green plants. During the severe 
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seasons when the growth dies down their spectral reflec- 


a tive ability considerably changes and approximates the 
S R. reflective ability of minerals. The lower plants, as, for 

Spie, lichens, have only a minimum of these properties. 
Ir of On the other hand, certain inorganic substances also have 
usd an infrared Se, It follows that the spectrophotometric 
ma method is not efficient. Its use does not make it possible 
arent tO judge whether the Martian maria are areas occupied by 


„the vegetation or not. 
The seasonal changes in the colouring of the maria and 
their greenish or even bluish shade are essentially the best 


oted 3 ; s 

nof argument in favour of the existence of vegetation on Mars. 

), as Here, however, we enter a very unreliable sphere of purely 

> . . 

liage. subjective appraisals and run into the fact that many ob- 
g ‘ 


Only servers using one and the same telescope report absolutely 
id is different results. We could cite many examples of these 
dof contradictions. 

st in ' After describing many striking cases of changes in the 
contours of the Martian maria N. Barabashev comes to the 
stro- following final conclusions in his summary article on the 
ious changes in the visibility and form of the dark spots on 


< 
fer 
D 
= 


Mars: 
s on a) In most of the cases the colour of the maria changes 
anet towards red as the Sun approaches the horizon. 
The b) The overwhelming majority of the maria is reddish 


ition compared with the white screen. The observed blue shades 

es- are due to purely subjective sensations which arise as a 
dto result of the contrast between the colour of the maria and 
ithe the even redder deserts. 


ance c) In some cases the dark regions are moistened sections 
sent of deserts. 
ting d) The relative darkening and change in the shades do 


not contradict the hypothesis of vegetation in correspond- 
bot- ing regions of the planet. 
NEE It is, evidently, impossible to say anything definite about 
Ane À the existence of vegetation on’ Mars on the basis of the 
vere colour changes except that we do not know any other 
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| reasons for these changes. Incidentally, N. Barabashey | 
j 
| 
i} 
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; s A 7 a ; n 
cites in the same article an example of a mineral—Tikhvin E, 
bauxite—which turns noticeably blue when merely mois- aa 


tened. We must note that the quantitative spectrophoto- | inte 
metic observations enable us at least to take into consider. ` 


ation and isolate the distorting influence of the Martian - ie 
i atmosphere, while the purely qualitative appraisals of the alo 
li colouring are, certainly, absolutely worthless in this case, Jw 
i We shall now use other and more reliable criteria in Pe 
|) solving the problem of what the Martian maria are and | the 
whether they have any vegetation that determines their hea 
observed properties. It has been firmly established that the by 
temperature of the soil of the Martian maria is 10-15°C hy 
higher than that of the deserts. This corresponds to the m 


li darker appearance of the maria. It goes without saying 
it that a darker inorganic substance absorbs a greater meas- I 
ii ure of solar rays which fall on it and must be heated cor- 
respondingly to a higher temperature. The entire process 
consists only in absorption and heating. We are warranted | Ma 
in the assertion that the mechanism of heating is the same 


i for the Martian maria as it is for the deserts, i.e., it comes a 
| down to a mere absorption of solar rays with an immediate Res 
‘| return radiation. A little calculating will prove this con- 
| tention. A 
| Let us assume that the reflective abilities of the desert arti 
and the sea A, and A, are 0.30 and 0.15 respectively. Then 7 
according to Boltzmann’s well-known law the temperature awe 
of the sea T, can be obtained from that of the desert tem- Ma 
perature T, on the basis of the expression refl 
| ule cor 
T =à] refl 
| and turns out to be 15°C higher, as it is really observed. The Be 


result would be entirely different if the properties of the sph 
seas were determined by vegetation. Vegetation, what- A era 


ever it may be, behaves in a way quite different from that bri 
of a simple mineral. The solar energy it absorbs is spent dis! 
218 
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| 
v | ọn complex photochemical processes and these processes 
in are extremely intensive. Owing to this the radiation of the 
s- | surface of the soil taken up by vegetation can never be so 
0- { intensive as the radiation of the much lighter surface of a 
pe 4 mineral substance under tre same conditions of irradiation. 
A dark oasis amidst a hot sandy desert, or grass growing 
e | along the sides of a dusty road heated by the Sun are 
e. always much cooler. The very essence of a living plant 
consists in the fact that it spends the energy received from 
d the Sun on different vital processes and not at all on simple 
ir | heating. The dark Martian spots are undoubtedly governed 
e | py the usaul laws of heating and radiation established by 
C physics for inorganic bodies without noticeable selective 
e „peculiarities, and their observed properties cannot, there- 
8 fore, be conditioned by the existence of vegetation. 
H In the small foregoing calculation we used Boltzmann’s 
3 formula. It does not mean, however, that we ascribe the 
S i properties of an absolutely black body to the surface of 
d | Mars. We operate essentially only with a radial flux—the 
only magnitude that can be directly observed. The calcula- 
e 


tion shows that with a greater absorption of energy the 
heat output of the heated surface grows in the same pro- 
portion whether it be a Martian mare or a desert. The 
situation would be entirely different if the observed prop- 
erties of the maria were determined by vegetation. 

The law of reflection of light from their surface may 
serve as another criterion for judging the nature of the 
Martian maria. It has been firmly established that the 
reflection of light from the surface of Mars quite accurately 
corresponds to Lambert’s Law. In other words, Mars 
reflects light like an even dead surface. By V. Sharonov’s 
proposal this is expressed in the assertion that the factor 
of evenness for Mars is close to unity. An entirely even 
sphere fully illumined by the Sun and located at a consid- 

A erable distance from the observer will appear to him 
brighter in the centre and much darker on the edges of the 
disk. Suffice it to look at Mars to see that this law is ap- 
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plicable to it, and not only to its deserts but also to its 
“maria.” As the maria approach the edge of the disk (due 
to Mars’ daily rotation) their brightness considerably 


diminishes. 

Thus, Mars’ deserts and maria reflect light according to. 
the same law. The factor of evenness of the Martian maria 
is also very near unity. It is well known that the reflection 
of light by a lustreless opaque substance is determined þ 
the properties of its surface in the thickness of the same 
order as the length of light wave. The smallest details, for 
example, small cracks, etc., on the surface can completely 
change the nature of the reflection of light. 

Contrariwise, any type of vegetation, according to N. Or. 
lova’s definition, is characterized by a very small and even 
negative factor of evenness and in this respect presents a 
striking contrast with the ordinary dead surfaces. This, 
apparently, also pertains to the characteristic properties of 
any vegetation which receives its nutrition from the sur- 
rounding aeriaf environment and therefore strives to de- 
velop the greatest possible surface contact with this envi- 
ronment. The total surface of the foliage of any tree or 
bush through which carbon dioxide is assimilated is many 
thousand times as large as the even surface of the area 
occupied by this tree. It is, apparently, this striving of the 
vegetable organism to utilize the environment as fully as 
possible that serves as the cause of the sharp difference of 
its factor of evenness from the ordinary dead surfaces 
composed of inorganic substance. Thus, the nature of light 
reflection from the Martian maria, recently established by 

the studies of Soviet scientists, is completely at variance 
with the assertion that they present areas covered by veg- 
etation. 

Another criterion that can be used for determining the 
nature of the dark spots on Mars consists in comparing 
them with deserts by the degree of polarization. Such meas- 
urements were taken, first, by Lyot at the Meudon Observ- 
atory and lately by his pupil Dollfus. 
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polarization is very closely connected with the state of 
the reflecting surface. Apparently incontestable observa- 
lue tions show that polarization of the maria is the same as 
bly lihat of the bright areas, the deserts. In either case, the 
J degree of polarization on Mars may be represented as a 
byr continuous function of the phase angle, being, naturally, 
a zero at opposition or in the zero phase, then becoming 
ton negative, reaching a maximum negative value at the phase 
by angle of about 14°, and subsequently gradually moving 
me into the region of positive values. Polarization variations 
‘of this kind very much resemble the ferric-oxide-rich 
ely material limonite in the powered state. 
The dark areas on Mars show an entirely similar course 


a f polarization which, in contradistinction to the deserts, 
Sa is subject to noticeable seasonal changes, according to the 
fg ‘degree of darkening, i.e., the degree to which the surface 
of of the planet is moistened. In addition, Dollfus observes 
ur- | that our vegetable areas sharply differ in polarization from 
Je- | the dark Martian spots. All the very authentic and ob- 
vie jective criteria, thus, belie the assumption that the reflec- 
Or tive properties of the Martian maria are conditioned by 
ny the existence of some sort of vegetation. 


The observations of Mars conducted during its great 
he oppositions in 1958 and, especially, 1956 have not altered 
the established views of its nature. In the Soviet Union, 


as 
of Mars was observed at the Abastumani, Alma-Ata, Kiev, 
es Kazan, Tashkent, Crimean and Kharkov observatories. Its 


ht spectra were photographed, pictures through various 
by filters were taken, electrophotometric measurements and 
ce Visual drawings were made, etc. But the distinguishing 
g- feature of this opposition was a big dust storm which broke 
out on Mars at the end of August 1956 and continued 

he nearly all through September, gradually spreading over the 
ng Whole southern hemispere. This greatly hampered the ob- 
s- 4 Servations of the planet’s surface because the contrast 
A between the light and dark areas decreased to the mini- 
mum, and even the vast polar cap entirely disappeared in 


221 


a CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


d Digitized by Arya Samaj Foundation Chennai and eGangotri ? 


| 


f 


| September, reappearing only at the end of the month, For obs! 
the same reason the canals on Mars could hardly be seen of) 
during that period. However, this unusual phenomenon—the teri 
dust storm—was itself of great interest. To begin with | in ¢ 
| it was possible to obtain direct proof that the strong i 
atmospheric perturbation is not confined to one hemisphere/] and 
of the planet, as should have been the case on the basis ' pari 
of the existing theories of general atmospheric Circulation, | cow 
but is capable of rapidly spreading over the whole planet, Ast 
As N. Barabashev points out, this did not alter Mars’ re- P 
flecting capacity. It follows that the dust clouds raised by | din! 
the storm consisted of the same dust particles which | The 
| mainly cover Mars’ deserts. Since the cap on the South Sy" 
Pole was covered with clouds, it was apparently much B 
| lower than the clouds and, as can be assumed, consisteq diff 
l mainly of snow or ice deposits on the very surface of the they 
planet. Nevertheless, the spectrograms of the Crimean _ the) 
Observatory warrant the assumption that part of the polar for, 
cap is of atmospheric origin. i ag 

Besides, at different points of the planet it was possible Lau 
| to observe a temporary formation of intensive light spots _ plai 
and bands which were in all probability of the same nature __ ther 
as the polar deposits. day 

It was again possible to confirm that the colouring of the 
| the Martian maria was somewhat reddish in relation to the clou 
white screen, to establish that their factor of smoothness plan 


hardly differed from that of the Martian deserts, to deter- of t 
mine the barometric pressure of the Martian atmosphere the 
and to find rather big changes in the outlines of the differ- mus 
ent spots. ashe 

During the subsequent, quite favourable, opposition of vole 
Mars in 1958 the atmospheric conditions on this planet the 
were much better and owing to this its “canals” could be | evit 
seen quite easily and in great number. At the same time, the 
however, as was emphasized by a number of French obser- — twee 
vations, the canals invariably broke up into numerous <} the 
spots. During this opposition it was possible repeatedly to cont 
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“observe clouds and white sheets, most probably consisting 
of white crystals, and fogs at sunrise and sunset, charac- 
terized by polarizing properties of the drops two microns 

in diameter. À 

Numerous changes were similarly found in the shape 


4 and location of the dark spots on Mars. These changes are 


articularly clearly seen when the former observations are 
compared with the map now accepted by the International 
Astronomical Union. 

Plenty of dark and very small spots, in many cases stud- 


| ding the edges of the Martian maria, are distinguished. 


The changes are particularly noticeable in the areas of the 
syrtis Major, Solis Lacus and Mare Acidalium. 

But what are the Martian maria really? Why do they 
differ in their greener colour from the deserts? Why are 


they subject to seasonal and epochal changes? Why have 


ì the Martian atmosphere. The basalt and andesite ashes 


they not been buried by sand and dust, but have persisted 
for, probably, hundreds of years? 

Persuaded there can be no vegetation on Mars, Mac- 
Laughlin recently proposed his volcanic hypothesis to ex- 
plain the main peculiarities of Mars’ surface. He believes 
there is a good deal of volcanic activity on Mars even to- 
day and that the volcanoes, located chiefly in the regions of 
the tectonic breaks and cracks, from time to time eject 
clouds of ash which is deposited on the surface of the 
planet. He deems it possible to assert that the distribution 
of the principal contours of the Martian maria follows in 
the direction of the winds in its atmosphere and the maria 
must, therefore, be formed by the deposits of the volcanic 
ashes carried by the winds. Resumed activity of the same 
volcanoes results in deposits of fresh ashes and preserves 
the Martian maria and their details with the various in- 
evitable changes. According to him the green colour of 
the maria is the unavoidable result of the interaction be- 
tween the chemical composition of the volcanic ashes and 


Contain a high percentage of ferro-magnesial silicates. On 
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the Earth, where there is an abundance of free oxygen, 
the wind erosion of these silicates results in the formation 
of ferric oxides and hydro-oxides distinguished for their 
red, yellow and brown colours. Contrariwise, on the Mars, 
where there is no oxygen, the carbon dioxide with a small 
amount of moisture acting on the same minerals changes 
them to secondary minerals, known as peaches and 


Mig 


, 
180° LONGITUDE 270 


Fig. 45. Contours of the maria on Mars and the direction 
of the winds (after MacLaughlin) 


epidotes. Under terrestrial conditions these minerals are 
formed at sufficient depths inaccessible to free oxygen. On 
Mars these minerals form on the very surface. They are 
notable for their green colour. Thus, the regions on Mars 
occupied by the deposits of volcanic ashes, i.e., precisely the 
areas of the maria, are inevitably coloured green. The sea- 
sonal changes in the maria are conditioned by the changes 
in the direction of the winds, humidity and temperature. 
The systematic direction of the canals is also connected 
with the ejection of volcanic ashes in a definite direction. 

Thus, the volcanic theory corresponds much closer to the 
data of observations, i.e., the absence of oxygen on Mars, 
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the fact of the considerable heating of the maria compared 
with the yellow deserts, the total likeness between these 
maria and deserts, as far as the law of light reflection is 
concerned, the nature of polarization, etc. This theory as- 
sumes, however, that there is extensive volcanic activity 
on Mars today and that the structural peculiarities of the 
maria correspond to the direction of the prevailing winds. 
The latter is quite probable, but cannot be considered def- 
initely established. The direction of the winds on Mars 
cannot be studied by the movements of the clouds in its 


‘atmosphere because of the rarity of cloud formations. It 


js clear, however, that the general atmospheric circulation 
on this planet must not differ from that on the Earth, that 


‘there must also be a zone of trade winds there which are 


deflected from their direction by the rotation of the planet. 
Local corrections can be made in this general circulation of 


„air currents on the basis of a detailed study of the distri- 
‘bution of the isotherms. The existence gf anticyclones, 


= a 


which upset the general regularity of the atmospheric cir- 
culation and lend different peculiarities to the configura- 
tion of the maria, has been established in certain regions 
of the Martian surface. 

The temperature of Mars’ clouds and numerous points 
on its surface will undoubtedly be taken during its nearest 
favourable oppositions in order to ascertain the thermal 
conditions at different altitudes of the free atmosphere. 
The values of the daily and seasonal lag in the maximum 
of temperature will also be determined; this will help in 
ascertaining the heat conductivity of its soil and the ampli- 
tude of temperature fluctuations. A great deal must still 
be done in studying the clouds and general atmospheric 
circulation on Mars; particular efforts must be made to 
find sufficiently persuasive data on the intensity of volcanic 
activity on the planet. All this together with thorough in- 
vestigations in the appearance and structure of the details 
on Mars’ surface will make it possible with much greater 
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accuracy to determine the nature of the Martian maria anq nov 


the reasons for their systematic and seasonal Changes. E 

The results obtained by Sinton in the U.S.A. concerning thai 
the existence of organic substance on Mars are of great || jife 
interest. { b 

It is well known that every organic molecule has ab< Go: 
sorption bands in the distant infrared part of the spectrum, . h 
The fundamental vibration of the CH band is close to the ay 


wavelength of 3.46 microns; it produces intensive absorp- oa 
tion in all organic molecules and in the light reflected from jol 
leaves. At the same time, although this absorption band pay 
must always manifest itself in the presence of an organic mar 
molecule of even the simplest structure, its existence can- wo 
not as yet prove that there is life in any form whatever, wh: 
since the latter inevitably presupposes the existence of |For 
very complex compounds. Ate 

For example, this band may be produced by so very pla 
widespread a gas as methane which is plentiful in the mat 
atmospheres of- the major planets at very low tempera- | sha 
tures that exclude the possibility of organic life. Hydrocar- ne\ 
bon compounds are liberated during various volcanic and wal 
tectonic processes which can, consequently, also produce vel 
this absorption band. ate 

Nevertheless, it is very interesting that, according to eat 
Sinton’s measurements, which at first pertained to the € 
whole planetary disk and, then, in 1958, could be made TA 
separately of the light and dark spots, precisely the Mar- Ber 
tian maria show this band with about a 20 per cent absorp- yee 
tion in it, while the light areas actually show nothing of Bat 


the kind. All in all the curve of spectral reflection for the yez 
Martian maria in this part of the spectrum shows a certain 
hollow which quite resembles the curve of reflection from h 
r ay 
lichens on the Earth. 


Hence, it is quite probable that on Mars there is an a 
organic molecule of unknown nature connected mainly Aa 
with Mars’ dark areas subject, as we saw, to frequent and k 
considerable changes. 

15 
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Thus to the numerous Martian riddles a new one has 

ind pow been added. 
res, Despite the insufficient data we can already conclude 
ing pat there are no direct indications as to the existence of 
eat || qjfe on Mars. The dark spots on this planet are not maria, 
Aas was formerly believed, nor oases covered with vegeta- 
ab- [tjon as many still think today. But even if there is no bio- 
im. sphere on Mars, if life on the planet does not manifest it- 
the self on a cosmic scale and has not been discovered by any 
rp- observations from the Earth we cannot as yet be sure that 
om = no living organisms, even though the most primitive, could 
ind pave persisted since the time when the conditions on Mars 
nic may have been more favourable to life than today. It 
an- would be overbold to assert that there must be no life 
er, | whatsoever on Mars. At the same time there are no reasons 
of for illusions as to more favourable conditions on Mars in 
the past. Judging by the extraordinary small mass of this 
TY planet we can assume that already at the time of its for- 
' mation it could retain light gases in much smaller quantities 


ra- | than, for example, the Earth and for this reason there were 
W- never any vast water areas on Mars. The processes of 
nd water cycle, during which the reservoirs may have grad- 
ce ually acquired many dissolved chemical elements neces- 
sary for the formation of the extraordinary complex living 
be substance, could never have occurred there. 
d On the Earth the process of geological preparation, which 
B made it possible for the primary forms of life to come into 
"i being, continued during the first several thousand million 


of years of its existence. As far as we can judge, life on the 
He Earth has existed for no more than one thousand million 
years while its most primitive fossil forms are not older 


a than 300-400 million years. Thus, the higher forms of life 
have been developing on the continents, on the solid soil 
m ç  %the Earth, only during approximately one-tenth of the 


ly « time our planet has existed. The conditions for the origin 
Aand development of life on Mars have always been by far 
More severe than on the Earth. There can be no doubt that 
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no higher forms of plant or animal life can exist on this © 
planet. It is quite possible, however, that life in its lowest di 
iil forms does exist there, though it does not manifest itself Si 
i on a cosmic scale. | Vi 
n Eg k $ . j Sı 


Maybe the conditions for the existence of life are mors ag 
favourable on Venus than they are on Mars? In size and e\ 
mass this planet resembles the Earth more than any other w 
planet and at the same time it is located somewhat closer tY 
to the Sun and, thus, gets approximately twice as much 2; 
light and heat per unit of surface. It may be assumed from M 
| the very outset that there must be organic life there, which, al 
as we should think, always comes into being wherever 


j favourable physical conditions obtain as a result of the de- — tł 
l velopment of inorganic matter. It is our task, however, m 
without confining ourselves to general statements to dis- oł 
cover facts which definitely speak in favour of the exist- Si 


ence of life on this planet. It should be noted from the very j iz 


beginning, however, that the conditions for observing yi 
ji Venus from the Earth are worse than those for observing s 


i Mars. The reason is clear. Venus is an interior planet. It m 
| is closer to the Sun than the Earth and can, therefore, be tl 
| observed only as an evening or morning luminary at an al 
i angular distance from the Sun of not higher than 40°, pre- d 
senting all phases—from a full disk to an extremely Sí 
narrow crescent and even to complete disappearance W 
(analogous to the new Moon). a 


When the disk of Venus is fully illuminated by the Sun n 
it is farthest from the Earth at the opposite point of its 
orbit at the enormous distance of 1.7 astronomical units ni 


| or 250 million kilometres. This is approximately 5 times ri 
the distance between the Earth and Mars during favour- sl 
able opposition. On the other hand, when Venus comes ti 
closest to the Earth it is turned to it with its unilluminated `.  y 
side. This is why only a small part of its surface can be \ a 
simultaneously observed even under sufficiently favourable V 
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conditions when Venus is at a relatively large angular 


= distance from the Sun. During its conjunctions with the 
ak ` sun, when the longitudes of both luminaries are equalized, 
venus is sometimes higher and sometimes lower than the 

| gun and only rarely passes exactly across the Sun project- 

A ing itself on the solar disk. It is curious to note that on 
ore approaching the Sun the horns of Venus’ crescent become 
and ever more elongated and finally close in a continuous ring 


her which can be easily photographed. This is explained by 
twilight phenomena in the planet’s atmosphere. The 
ich existence of an atmosphere on Venus was established by 
M. Lomonosov when he observed the planet passing 


a across the disk of the Sun in 1761. 

4% The main aim in observing this passing was to determine 
de- the solar parallax and the scale of the solar system by the 
rer, method proposed by Halley. This phenomenon could be 
lis- observed on a vast territory—from Petersburg to Eastern 
ist- Siberia—and the Petersburg Academy of Sciences organ- 


ery , ized these observations under Lomonosov’s general super- 
ing vision. Of all the numerous observers, however, Lomono- 
ing gov was the only one to discover the existence of an at- 
It mosphere on Venus. When the planet’s disk approached 
be the Sun very closely Lomonosov discerned a luminous rim 
an around it and rightly concluded there was a sufficiently 
re- dense atmosphere around Venus noticeably scattering the 
ely solar rays and producing the phenomenon of twilight. It 
ice was only later that these observations were fully confirmed 
and supplemented by corresponding micro- and photo- 

un metric measurements. 
its It can be quite easily seen with modern observing tech- 
its nique that the surface of Venus, unilluminated by the direct 
LeS rays of the Sun, emits a weak light resembling the earth- 


ar- shine of the Moon. This phenomenon is quite analogous 

1eS to the luminescence of the nocturnal sky on the Earth 

ed which emanates from the high layers of the terrestrial 

be \ atmosphere (the ionosphere). But the luminescence of 

ale Venus’ own atmosphere is more intense than that of the 
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terrestrial atmosphere. This is, very probably, due to the 
fact that Venus is much closer to the Sun. Interesting 
spectrograms showing the nature of the luminescence of 
Venus’ own atmosphere were obtained at the Crimean 
Astrophysical Observatory in 1953. With the aid of a 
quartz spectrograph mounted on the 125-cm reflector of 
the observatory N. Kozirev happened to discover a row of 
nitrogen emission bands, of which the most intensive ones 
—3914 and 4278 A—belonging to ionized nitrogen are 


| -Goréon divide © * . (-. carbon -dioxide 
fy $ ; TALR 


Fig. 46. Infrared spectra of the Sun and Venus. a) the 
Sun, b) Venus, c) Extended spectrum of Venus 


characteristic of the spectrum of the northern lights. Thus, 
the luminescence of Venus’ nocturnal sky is, apparently, 
analogous to our northern lights and, therefore, has much 
greater energy of radiation than the ordinary night sky of 
the terrestrial atmosphere. It is interesting to note that 
while there is nitrogen and some other gases whose 
existence can be surmised by the as yet undeciphered 
bands in the spectrum Venus is, apparently, completely 
devoid of oxygen. In the spectrum of the nocturnal terres- 
trial sky with a much lesser energy of excitation oxygen 
is represented by intensive emission lines. The consider- 
able absorption in the violet part of the spectrum of Venus’ 
unilluminated surface and the two clear edgings of mo- 
lecular bands at 4372 and 4120 A show, according to 
N. Kozirev, that there is some atomic molecule in Venus’ 
atmosphere which, possibly, plays the same part as water 
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e vapours do on the Earth. No water vapours proper, how- 
5 ever, have been found. On the basis of the discovered emis- 
f | sjon bands N. Kozirev calculated that the brightness of 
n the nocturnal sky on Venus must be approximately 50 


yw 


| times as great as that of the nocturnal terrestrial sky and 
f T maybe only one-fifth that during the full Moon. 


f It is much easier to study Venus’ spectrum presented by 
S its brightly illuminated surface which must show the line 
e of absorption of the solar rays penetrating to the very 


cloud layer of this planet and reflected from it back into 
cosmic space. The visible region shows the same absorption 
Jines which are peculiar to the solar spectrum. In 1932, 
with the aid of a large 250-cm reflector of Mount Wilson 
Observatory, Adams and Dunham found three intensive 
bands in the infrared region of Venus spectrum; these 
bands are absent on the Sun and belong to carbon dioxide. 
The theoretical calculations and direct experiments per- 

i formed by Adel and Slipher enabled them to determine the 

| quantity of carbon dioxide in Venus’ atrhosphere by the 
intensity of these bands. For comparison they used light 
which passed through a layer of carbon dioxide 45 metres 
thick under a pressure of 47 atmospheres. The spectrum 
thus obtained fully corresponded to the discovered absorp- 
tion bands on Venus, but was much less intensive. 

These studies have shown that the quantity of carbon 
dioxide over the visible surface of Venus corresponds to 
an equivalent layer of this gas approximately three kilo- 
metres thick under standard atmospheric pressure and at 
standard temperature. It may be pointed out for compari- 
son that on the Earth this layer of carbon dioxide is only 
8.4 metres thick. It has been, thus, accertained that the 
atmosphere of Venus, which, it would seem, should be 
very much like the Earth, contains a tremendous quantity 
of carbon dioxide. At the same time not the least traces 

i of water vapour or free oxygen have been found in the 
} atmosphere of this planet. It should be noted, however, 
that the quantitative spectroscopic analysis of the contents 
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of these substances is not very accurate. Generally Speak- 

ing, various elements do not show themselves in the ab- 
| sorption spectrum with the same ease. It is well known, for 
i instance, that a perfectly negligible, almost imperceptible 
| admixture of sodium, which depends on the mere presence 

of the observer near the laboratory apparatus, is enough 

to show clear lines of this element in the absorption 
| spectrum. Ionized calcium is likewise discovered with al- 
j most similar ease in the spectrum of the Sun though there 
hi is much less of it there than hydrogen. A modern spectro- 
graph can discover oxygen on Venus, as well as on Mars, 
even if they contain 1,000 times as little of it as there is in 
the terrestrial atmosphere. In the usual solar spectrum 
H water vapours produce numerous absorption lines and 
| bands. On Venus these bands (which could be easily sepa- 
| rated from the bands of a terrestrial origin on the basis 
of the Doppler effect) are absolutely invisible. 

Thus oxygen does not manifest itself on this planet 
either in the dbosorption lines in the spectrum of its 
lighted surface or in the emission lines in the spectrum of 
its nocturnal sky. The latter circumstance can serve as a 
still more sensitive criterion as regards the existence of this 
| gas. Considering the tremendous chemical activity of 
| oxygen, it may be assumed that there is none of it on 
Venus in a free state. 

It should be noted, however, that all the observations 
of Venus bear only on the layer of atmosphere above the 
clouds, usually completely hiding the surface and not on 
the planet’s surface itself. As a matter of fact, one is very 
much disappointed when observing Venus through a tele- 
scope because there are hardly any details on its disk. Only 
at times is it possible to discern some dim spots mainly 
in the central region of the terminator which usually retain 
their position for a long time. Even photographs with infra- 
red rays fail to reveal anything new on the planet save 
what has already been found by visual observation. This si 
shows that the layer of clouds covering the planet is en- € 
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tirely opaque and, therefore, either consists of rela 
large particles of dust or is very heavy. 

On the other hand, the photographs made in ultraviolet 
rays often reveal light clouds which form quite noticeable 
protuberances on Venus, especially on the terminator itself 
These light clouds are, in all probability, formations simi- 
lar to our cirrous clouds and are located at a high altitude 
in Venus’ atmosphere. When they are absent the atmosphere 
of Venus is enveloped in a heavy yellowish fog which 
barely reflects the ultraviolet rays of the solar spectrum, 

Since we can never observe the surface of Venus it js 
impossible to determine the period of its rotation on its 
axis. On the basis of the very slow changes in the position 
of the hazy dark spots scientists at one time concluded 
that Venus rotates extremely slowly and, in all probability, 
like Mercury always shows the same side to the Sun, 

A. Belopolsky made a detailed study of the possible 
period of Venus’ rotation by the spectroscopic method 
using the Doppler effect in an attempt to establish the shift 
along the line of sight in the absorption lines of the light 
reflected from the two opposite edges of the disk. He 
discovered no noticeable shift, however, and, hence, con- 
cluded that the day on Venus is equivalent to at least sev- 
eral weeks on our planet. This is all that can be said 
about the period of its rotation at the present time. 

Some indirect indication as to the length of the day on 
Venus can be found in the temperature difference between 
its diurnal and nocturnal surface. If Venus always faced 
the Sun with the same side, there would be a very great 
difference in temperature between the side facing the Sun 
and the opposite side—at least 150-200°C. But direct radio- 
metric measurements have shown that the temperature of 
the diurnal and nocturnal sides of Venus is nearly the 
same and is about —30°C (Pettit and Nicholson). By the 
structure of the infrared bands of carbon dioxide Adel 

and Hertzberg found that the temperature of the illuminat- 
ed part of Venus corresponds to -+30°C, which character- 


tively 
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_ izes the temperature of the medium of the absorbing layer 
| rather than simply the intensity of the radiation of the 
let | planet as a heated body. It is obvious that Venus cannot 
ble | face the Sun with one side but the period of its rotation 
elf. 4 must be, according to A. Belopolsky’s inferences, at least 
mi- A several weeks. i 
ide | As before stated, Venus’ continuous layer of clouds to- 
ere tally impenetrable to visible rays greatly hampers the 
| study of the planet's free surface. We hope, however, that 
m. | here, too, radiomethods will enable us considerably to ex- 
| tend our knowledge. Some attempts in this direction were 


it, | made in the beginning of 1958 by means of large radar 
on installations. By sending a powerful stream of radio waves 
led | to Venus it was possible within a few minutes to record 
ty, | return signals reflected from its surface. Such observations 
can as yet serve only to measure the cosmic distances 
Jle | more accurately, since the speed of light is known exactly. 
od | Subsequently, however, they will make it possible to in- 
ift | vestigate the structure of Venus’ surface because radio 
ht waves up to 1m long are not reflected from its ionosphere 
Je | but freely pass through its cloudy layer. 
m- | Radioastronomy is developing so rapidly that each year 
v- | brings us new interesting data. 
id To consider the question of the possibility of life on Ve- 
nus requires knowledge of the chemical composition of its 
on atmosphere, as well as the state and temperature of its 
en surface. It is clear that the atmosphere of Venus has nitro- 
ed gen, large quantities of carbon dioxide and some other 
at gases, which vigorously absorb light in the blue rays; no 
n oxygen or water vapours have been discovered, however. 
o- | A certain dustiness in Venus’ atmosphere manifests itself 
of in the fact that its light scattering sharply differs from 
e purely gaseous scattering. This has been very definitely 
ie \ established by numerous studies of N. Barabashev and his 
el \ associates at the Kharkov Astronomical Observatory, 
t- | V. Sobolev and E. Shenberg. A gaseous medium with an 
r- admixture of a certain amount of aerosols scatters the 
16* 235 
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light much more forward, i.e., in the direction of the pass- 
ing ray, than back, and this asymmetry increases the great- 
er the size of the scattering particles. In a purely gaseous 
medium light is scattered according to the simple law of 
Rayleigh, i.e., in proportion to 1+cos? } if we take 9 as 
the angle between the incident and scattered rays. Accord- 
ing to V. Sobolev, this indicatrix for the atmosphere of 
Venus is even more elongated than the similar indicatrix 
for the terrestrial atmosphere. This testifies to the existence 
of relatively large scattering particles in Venus’ atmos. 
phere, i.e., to a considerable dustiness in the atmosphere 
of Venus even above its cloud layer. N. Barabashev has 
come to the same conclusion. 

How can these facts be interpreted? No doubt there can 

be very little water vapours above the cloud layer of Venus, 
if they exist at all, but this is not as yet a decisive argu- 
ment against the existence of water on this planet. At a low 
temperature of the high atmospheric layers the pressure of 
water vapours ean be so insignificant that modern observ- 
ing technique may prove insufficiently accurate to discover 
it. But what is the nature of this planet’s cloud layer? Wildt 
has suggested that a combination of carbon dioxide and 
water vapours was possible on Venus with its insignificant 
water content; during this process a poison gas formalde- 
hyde (CH,O) is formed and free oxygen liberated. This 
suggestion is at variance with facts because no formal- 
dehyde absorption bands located in the ultraviolet part 
of the spectrum beginning with 3600 A, nor any oxygen 
absorption bands, are found in the spectrum of Venus. 
D. Menzel and F. Whipple believed it possible that the 
cloud layer on Venus consists of water vapours just the 
same; this also corresponds to the former studies of Lyot 
who found that the curve of polarization of Venus’ light 
is very similar to the polarization of a cloud composed of 
small droplets of water. But the absorption of light in such 
clouds cannot be discovered by the nature of the spectral 
lines. 
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$- It is very hard to say how extensive the cloud layer over 
t- the surface of Venus can be. This yellowish layer is, most 
US probably, not very heavy and is, possibly, even translucent, 
of | weakly revealing the surface underlying it. Two facts speak 
aS in favour of this assumption. Firstly, according to Min- 
d- ^} naert’s studies based on the observations of E. Shenberg 
of and N. Barabashev, the layer of clouds on Venus has differ- 


ix ent structures in the morning, at noon and in the evening, 
ce if we only assume that the planet has a noticeable rate of 
Se rotation in the same direction as the Earth. The distribu- 
re tion of brightness on Venus’ disk, noted by the aforesaid 
AaS observers, can be explained only in the light of this as- 


sumption. If these changes in the cloud layer occur system- 
in atically the layer cannot be extensive. Secondly, the 


S, cloud layer of Venus shows some signs of mirror reflec- 
sb tion, which can be attributed only to the surface underly- 
wW ing it. As it has been found by N. Barabashev, the maxi- 
of . mum of brightness in the red and yellow rays corresponds 
v- | to the sections of the planet for which tle angle of inci- 
as dence and the angle of reflection are almost exactly equal 
lt with the incident and reflected rays lying on different sides 
d of the normal in accordance with the law of mirror re- 
at flection. 

ae Of itself the diffuse cloud layer could not have produced 
© this effect. Let us assume, however, that Venus is covered 


by a vast aqueous surface similar to the terrestrial oceans. 


N In this case the solar rays, reflecting mirror-like from this 
p surface, must inevitably produce a bright patch of light 
x which should be very well seen from the Earth as a bright 
e point. The cloud layer partly transparent to the solar rays 
e and located above will considerably weaken this patch 
A which the terrestrial observer will see as simply a brighter 
f diffuse spot. We may also recall that, according to Menzel 
n N and Whipple, great quantities of carbon dioxide on Venus 
l ) are incompatible with the existence of continents on the 


planet because in the presence of water, which acts on 
mineral rocks, there must inevitably be a fixation of car- 
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bonates, i.e., formation of solid carbonic compounds con- 
suming the gaseous carbon dioxide from the atmosphere, 

A similar process binding gaseous carbon dioxide oc- 
curred on a large scale on the Earth with the result that 
the mineral carbon deposits in the form of coal, peat, oil, / 
different carbonates, limestone, etc., by far exceed the j 
content of carbon in the atmosphere. On the Earth this 
process occurred mainly because of the activity of plants 
over many millions of years, but it can also take place in 
some measure in the presence of water which moistens the 
hard surface of the continents, especially at a sufficiently 
high temperature. 

If the whole amount of mineral carbon buried in the 
Earth were again released into the atmosphere in the form 
of carbon dioxide the Earth would contain quite as much 


atmospheric carbon dioxide as Venus. We must, thus, es 
evidently, assume that for some reason or other this a: 
epochal process of carbon fixation did not occur on Venus. \ gi 
This fact seems to speak against the existence of vege- 4 
table and, consequently, animal life on Venus. The reason b 
for this anomaly may, according to Menzel and Whipple, W 
be that Venus is completely covered by an ocean—by a @ 
continuous water mantle. In the light of this assumption o 
we can understand both the absence of free oxygen, which 2 
can form only as a result of the epochal manifestation of a 
i photosynthesis, and the persistence of tremendous quanti- pi 
Í ties of gaseous carbon dioxide on Venus. fe 
We must, apparently, conclude that the observed data | 
speak rather against the existence of life on Venus, at least © 
in its higher forms. A 
ti 
al 
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ly Chapter VIII 

E LIFE IN THE UNIVERSE 

D In its constant development matter pursues various 

4 courses and may acquire different forms of motion. Life, 

S, as one of these forms, results each time the requisite con- 

IS ditions for it are on hand anywhere in the Universe. 

Si : However, life must not necessarily arise on all celestial 

bodies. On the contrary, neither the surface of the stars 
with their monstrously high temperature, nor the cold 

S clouds of gas and dust matter can serve as a place for the 

s origin and development of life. These processes have 

fh occurred but on the surface of planets and then only if,. 

f as and when there were the necessary chemical com- 

i- pounds and the aforesaid physical conditions during their 

i formation and subsequent evolution. 

A Can such conditions obtain in the Universe and if so how 


t often? 

Firstly, for organic life to be possible the planet must 
receive from its star a certain constant amount of radia- 
tion. The orbit of the planet must be close to circular, 
and the star must, therefore, not be a double or multiple 
star around which there can be no regular and simple 

\ orbits. In addition, the star must emit a certain constant 
| radiation, it must not be a variable star with a big ampli- 
tude, or an explosive novae, etc. 
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The radius of the planet’s orbit must also keep within 
narrow limits. Only then will the necessary temperature 
on the surface of the planet be guaranteed. In our solar 
system only Venus, the Earth and Mars of all planets 
satisfy this requirement. The other planets cannot be in- 
habited. It is particularly important that the mass of the 
planet be neither too large nor, on the contrary, too small. 
If, for instance, the mass of the planet constitutes 1/100 
of the mass of the Sun its own temperature is too high 
and it differs but very little from a star. 

With a mass 1/1000 that of the Sun the temperature of 
the planet is already entirely negligible, but the planet is 
still capable of retaining around itself the primary gases— 
hydrogen, ammonia and methane in the proportions char- 
acteristic of the distribution of the elements in the cosmos. 
Such a planet will be surrounded by an enormous atmos- 
pheric mantle with different products of condensation and 
its hard core will not be accessible to irradiation by the 
Sun. Jupiter, Saġurn and the other superior planets of-our 
solar system are in this state. 

Besides, Jupiter receives 1/30 the heat received by the 
Earth and the temperature on it corresponds to approxi- 
mately —140°C. But even if this planet were close enough 
to the Sun life could not originate on it anyway because 
of its atmosphere abounding in hydrogen. 

On the other hand, a planet with too small a mass can- 
not retain an atmosphere or have any water in a liquid 
state. The Moon, on which not the least trace of water and 
wind activity, of any atmosphere and, hence, any life can 
be seen, is in this state. 

It should be noted that the planet and, consequently, the 
star around which it revolves, must be old enough for the 
necessary migration of the ashy elements to have taken 
place, for the complex organic substances, especially pro- 
teins, to have formed and for the long natural process of 
selection of coacervates to have occurred. The Earth has 
already existed for nearly 4,000 million years and during 
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the first thousands of millions of years of its’ existence, 


n wires : 

5 when the conditions on its surface as regards heating and 
F water differed only slightly from those of today, there 
i was, apparently, no life on it. 


T Thus, it requires a planet to have existed a very long 
© A time for life to originate and gradually develop as a result 


L. of the preliminary preparation of the environment in the 
0 form of aqueous solutions with many elements dispersed 
h in them and a combination of a number of necessary con- 
ditions. Near the young stars, on the young planets, which 
f are forming now or which formed only tens or hundreds 
is of millions of years ago there can be no life as yet. 
3 Let us approximately estimate quantitatively the proba- 
r- bility of the existence of life on a hypothetical planet in 
5, the vicinity of a star chosen at random. We shall start 
5- with the assumption that every star in the Universe is, 
d as a rule, the centre of a planetary system. Since we 
e , cannot be absolutely sure of it the result obtained will, 
w { apparently, be only the possible maximum of the proba- 
bility sought for. 
e As has been pointed out above, the first essential condi- 
i- tion for the possibility of life is the approximately circular 
h form of the planet’s orbit. Only with such an orbit will 
e the planet as a whole receive about an equal amount of 
light and heat from its star. It follows that none of the 
l- double or multiple systems of stars can come under our 
d consideration since the planetary orbits around the double 
d and multiple stars are extraordinarily complex. Thus, only 
n single stars can have inhabited planets near them. 
But even near such stars the planets must have approxi- 
e mately circular orbits. Thus, with a relatively small eccen- 
e tricity of only 1/4, the illumination of the planet per unit 
n of its surface changes during one revolution around its 
ds star three times. Taking into consideration the fact that 
f about 80 per cent of the stars form part of the double or 
s | multiple systems and that by far not all the orbits can be 
8 circular we can approximately estimate the probability of 
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the form of orbit fit for life to originate as about 0.1 
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For its origin and subsequent development life requires p 
very long periods measured in hundreds and thousands of ( 
millions of years. During the entire respective period the 
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Jl planet must receive an approximately constant amount of 
1g energy from its sun. Meanwhile, all sufficiently massive 
of stars quite rapidly lose their mass due to corpuscular radia- 


tion and, thus, weaken the gravitational forces which 
pind the planetary systems. The change in mass is paral- 
. Jeled by a diminution of the luminescence of such stars. 
Because of this the illumination of a planet by a star 
changes in proportion to the sixth power of the star’s 
mass. 

With the epochal diminution of the star’s mass by only 
10 per cent the average illumination of the planet di- 
minishes nearly twofold. Only near the quite established 
and sufficiently old stars like our Sun can the planets 
be sure of light and heat without any noticeable changes 
for many millions of years. But even near such stars the 
planets must go through a very long period of preliminary 
preparation which ensures the requisite and sufficiently 
< full enrichment of the very superficial medium with the 
{ most diverse elements through the age-old process of 
substance circulation. By analogy life could not have 
originated at once on the recently formed Earth because 

there had been no suitable medium for it. 

Considering the fact that among the stars now being 
formed many may have quite normal dimensions, but only 
gradually acquire stability, and considering the fact, 
furthermore, that all the massive stars must be excluded, 
we may take it that no more than 10 per cent of all the 
single stars are sufficiently stable and, at the same time, 
old enough. Consequently, the probability of this factor is 
also small. 

It is, furthermore, essential to remember that the very 
mechanism of planet formation requires sufficiently big 
intervals between the planetary orbits if only the planets 
have normal masses fit for the development of life. As is 

: | well seen on the example of our solar system only few 
| (one or two) of the large number of planets can get into 
the interval of distances favourable enough for the main- 


ee 
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tenance of life. The other planets will inevitably be either 
too close to, or, on the contrary, too far from their central 
luminary. Thus, of the total number of planets, whose 
upper limit it is quite hard to establish, possibly no more 
than 10 per cent will get into the necessary favourable 
interval of distances. Consequently, the probability of this 
factor—planetary distances—will also be approximately 
the same. 

It has already been pointed out that in order to be a 
carrier of life a planet must have an optimum mass, neither 
too large nor too small. This is, as can well be imagined, 
one of the most rigid, if not the most rigid, requirements. 
As a matter of fact, planets of any mass—from stellar to 
asteroid—are likely to form depending on the state of the 
initial gas and dust medium surrounding the forming star. 

All sufficiently large masses, from 10% g on, retain about 
them all the elements in their normal abundance peculiar 
to the cosmos and are unfit for life at least for this 
reason. All smal masses, lower than 10% g, cannot retain 
any gas mantles at a temperature normal for life. The 
required mass of a planet must, therefore, be within a very 
narrow interval of all possible planetary masses which 
corresponds to the well advanced process of elimination 
of the light gases, essentially the loss of the primary 
atmospheres and, at the same time, every possibility of 
retaining their secondary atmospheres. In particular, the 
mass of the planet must contain enough hydrogen to make 
possible the formation of sufficiently large masses of 
water which may ensure the cycle of water in nature. At 
the same time the requisite mass of the planet, apparent- 
ly, also ensures the necessary chemical composition of its 
air mantle. - 

What is the probability that a planet will receive the 
necessary mass during its formation or, in other words, 
what part of all possible planets has the necessary mass? 
This is very hard to say. It may be supposed that this part 
will barely exceed one per cent of all possible planets. 
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It may, therefore, be assumed that the probability of life 
in the vicinity of any star taken at random in our Galaxy 
will be approximately 1/100,000 or even 1/1,000,000. Con- 
sequently, only one star out of a million taken at random 
can possibly have a planet with life on it at some particular 
stage of development. 

Thus, we come to the conclusion that matter in its devel- 
opment pursues various courses and that life, as one of 
the possible complex and perfect forms of motion of 
matter, does not always or everywhere have to result from 
this development. Numberless celestial bodies have no life 
and many of them will never have it. 

But the foregoing does not at all mean that the Earth is 
the only abode for life. In our metagalactic system there 
are hundreds of millions of galaxies and each galaxy may 
be composed of hundreds of thousands of millions of 
stars. Even in our Galaxy, which numbers approximately 
150,000 million stars, there may be hundreds of thousands 
of planets on which life is likely to originate and develop. 
Our infinite Universe must also contain an infinite number 
of inhabited planets. 
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ments on the content, translation and de- 
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pleased to receive any other suggestions 
you may wish to make. 

Our address is: 21, Zubovsky Boule- 
vard, Moscow, U.S.S.R. o 
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